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DIHYDROQUINOLIZINONES FOR THE
TREATMENT AND PROPHYLAXIS OF
HEPATITIS B VIRUS INFECTION

The present invention relates to organic compounds use-
tul for therapy and/or prophylaxis in a mammal, and 1n
particular to HBsAg (HBV Surface antigen) inhibitors use-
tul for treating HBV infection.

FIELD OF THE INVENTION

The present invention relates to novel dihydroquinoliz-
inones having pharmaceutical activity, theirr manufacture,
pharmaceutical compositions containing them and their
potential use as medicaments.

The present invention relates to compounds of formula I

(D

N

Rl
-
R3/ \(
R4
wherein R' to R® are as described below, or to pharmaceu-
tically acceptable salts, or to enantiomers thereof.

The hepatitis B virus (HBV) 1s an enveloped, partially
double-stranded DNA wvirus. The compact 3.2 kb HBV
genome consists of four overlapping open reading frames
(ORF), which encode for the core, polymerase (Pol), enve-
lope and X-proteins. The Pol ORF 1s the longest and the
envelope ORF 1s located withun 1t, while the X and core
ORFs overlap with the Pol ORF. The lifecycle of HBV has
two main events: 1) generation of closed circular DNA
(cccDNA) from relaxed circular (RC DNA), and 2) reverse
transcription of pregenomic RNA (pgRNA) to produce RC
DNA. Prior to the infection of host cells, the HBV genome
exists within the virion as RC DNA. It has been determined
that HBV virions are able to gain entry into host cells by

non-specifically binding to the negatively charged proteo-

glycans present on the surface of human hepatocytes
(Schulze, A., P. Gripon & S. Urban. Hepatology, 46, (2007),

1759-68) and wvia the specific binding of HBV surface
antigens (HBsAg) to the hepatocyte sodium-taurocholate
cotransporting polypeptide (NTCP) receptor (Yan, H. et al.
J Virol, 87, (2013), 79°77-91). Once the virion has entered the
cell, the viral cores and the encapsidated RC DNA are
transported by host factors, via a nuclear localization signal,
into the nucleus through the Impp/Impa nuclear transport
receptors. Inside the nucleus, host DNA repair enzymes
convert the RC DNA 1nto cccDNA. cccDNA acts as the
template for all viral mRNAs and as such, 1s responsible for
HBYV persistence i infected individuals. The transcripts
produced from cccDNA are grouped into two categories;
Pregenomic RNA (pgRNA) and subgenomic RNA. Subge-
nomic transcripts encode for the three envelopes (L, M and
S) and X proteins, and pgRINA encodes for Pre-Core, Core,
and Pol proteins (Quasdortl, M. & U. Protzer. J Viral Hepat,
17, (2010), 52°7-36) Inhibition of HBV gene expression or
HBYV RNA synthesis leads to the inhibition of HBV wviral
replication and antigens production (Mao, R. et al. PLoS
Pathog, 9, (2013), €1003494; Mao, R. et al. J Virol, 835,
(2011), 1048-57). For instance, IFN-a was shown to inhibit
HBYV replication and viral HBsAg production by decreasing

the transcription of pgRNA and subgenomic RNA from the

HBYV covalently closed circular DNA (cccDNA) minichro-
mosome. (Bellomi, L. et al. J Clin Invest, 122, (2012),
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529-37; Mao, R. et al. J FVirol, 85, (2011), 1048-57). All

HBYV viral mRNAs are capped and polyadenylated, and then
exported to the cytoplasm for translation. In the cytoplasm,
the assembly of new virons 1s iitiated and nascent pgRNA

1s packaged with viral Pol so that reverse transcription of
pgRNA, via a single stranded DNA intermediate, into RC
DNA can commence. The mature nucleocapsids containing
RC DNA are enveloped with cellular lipids and viral L, M,
and S proteins and then the infectious HBV particles are then
released by budding at the intracellular membrane (Locar-
nini, S. Semin Liver Dis, (2005), 25 Suppl 1, 9-19). Inter-
estingly, non-infectious particles are also produced that
greatly outnumber the infectious virions. These empty,
enveloped particles (L, M and S) are referred to as subviral
particles. Importantly, since subviral particles share the same
envelope proteins and as infectious particles, it has been
surmised that they act as decoys to the host immune system
and have been used for HBV wvaccines. The S, M, and L
envelope proteins are expressed from a single ORF that
contains three different start codons. All three proteins share
a 226aa sequence, the S-domain, at their C-termimi. M and
L. have additional pre-S domains, Pre-S2 and Pre-S2 and
Pre-S1, respectively. However, it 1s the S-domain that has
the HBsAg epitope (Lambert, C. & R. Prange. Virol J,
(2007), 4, 45).

The control of viral infection needs a tight surveillance of
the host innate immune system which could respond within
minutes to hours after infection to impact on the initial
growth of the virus and limit the development of a chronic
and persistent infection. Despite the available current treat-
ments based on IFN and nucleos(t)ide analogues, the Hepa-
titis B virus (HBV) infection remains a major health prob-
lem worldwide which concerns an estimated 3350 million
chronic carriers who have a higher risk of liver cirrhosis and
hepatocellular carcinoma.

The secretion of antiviral cytokines in response to HBV
infection by the hepatocytes and/or the intra-hepatic immune
cells plays a central role in the viral clearance of infected
liver. However, chronically infected patients only display a
weak immune response due to various escape strategies
adopted by the virus to counteract the host cell recognition
systems and the subsequent antiviral responses.

Many observations showed that several HBV viral pro-
teins could counteract the mnitial host cellular response by
interfering with the viral recognition signaling system and
subsequently the interferon (IFN) antiviral activity. Among,
these, the excessive secretion of HBV empty subviral par-
ticles (SVPs, HBsAg) may participate to the maintenance of
the immunological tolerant state observed in chronically
infected patients (CHB). The persistent exposure to HBsAg
and other viral antigens can lead to HBV-specific T-cell
deletion or to progressive functional impairment (Kondo et

al. Journal of Immunology (1993), 150, 4659-46'/1; Kondo
et al. Journal of Medical Virology (2004), 74, 425-433;
Fisicaro et al. Gastroenterology, (2010), 138, 682-93;).
Moreover HBsAg has been reported to suppress the function
of immune cells such as monocytes, dendritic cells (DCs)
and natural killer (NK) cells by direct interaction (Op den
Brouw et al. /mmunology, (2009b), 126, 280-9; Woltman et
al. PLoS One, (2011), 6, €15324; Sh1 et al. J Viral Hepat.
(2012), 19, €26-33; Kondo et al. ISRN Gasteroenterology,
(2013), Article ID 935293).

HBsAg quantification 1s a significant biomarker for prog-
nosis and treatment response 1n chronic hepatitis B. How-
ever the achievement of HBsAg loss and seroconversion 1s
rarely observed 1n chronically infected patients but remains
the ultimate goal of therapy. Current therapy such as Nucleo-
s(t)ide analogues are molecules that mlibit HBYV DNA
synthesis but are not directed at reducing HBsAg level.
Nucleos(t)ide analogs, even with prolonged therapy, have
demonstrated rates of HBsAg clearance comparable to those
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observed naturally (between —-1%-2%) (Janssen et al. Lan-
cet, (2003), 365, 123-9; Marcellin et al. N. Engl. J Med.,
(2004), 351, 1206-17; Buster et al. Hepatology, (2007), 46,
388-94). Therefore, targeting HBsAg together with HBV
DNA levels in CHB patients may Signiﬁcantly 1ImMprove

CH B patient immune reactivation and remission ( Wieland,

S. F. & F. V. Chasan. J Virol, (2005), 79, 9369-80; Kumar et
al. J Virol, (2011), 85, 987-93; Woltman et al. PLoS One,
(2011), 6, e15324; Op den Brouw et al. Immunology,
(2009Db), 126,, 280-9).

SUMMARY OF THE

INVENTION

The present invention relates to novel compounds of
formula (1)

(D
O

o ‘)H/Y\Xfpﬁ
\)\‘/\N/
Ry”\(\/I\RS

R4

wherein

X is oxygen or N—R’;

Y 1s CH, or C(O);

R' is hydrogen, halogen, C,_.alkyl, or C,_.alkoxy:

R” is hydrogen; halogen; C, _.alkyl, which is unsubstituted or
once or more times substituted by fluoro; or C, _alkoxy;

R’ is hydrogen; halogen; C, . alkyl, which is unsubstituted or
once or more times substituted by fluoro; cyano; mor-
pholinyl; pyrrolidinyl; or R*—O—, wherein R® is
C,_salkyl, which 1s unsubstituted or once or more times
substituted by fluoro, C,_.alkoxy, C,_salkylsulionyl,
cyano, C, ,cycloalkyl, C,_.alkylamino, iC,_alky-
lamino, hydroxy, phenyl, pyrrolidinyl or tetrahydropyra-
nyl;

R* is hydrogen, halogen or C,_.alkyl;

R> is hydrogen; C,_.alkyl, which is unsubstituted or once or
more times substituted by fluoro; C,_.alkoxy; C; -Cy-
cloalkyl or C,_-cycloalkyl-C H, —;

R® is hydrogen; C,_.alkylsulfonyl; hydroxyl; 1H-tetrazol-5-
yl; C,_qalkyl, which 1s unsubstituted or once or more
times substituted by fluoro, C, -cycloalkyl, carboxyl-
C H, —, phenyl, hydroxy, C, _.alkoxy, amino, C,_.alky-
lamino or diC, _.alkylamino;

R’ is hydrogen or C,_.alkyl;

or R° and R’, together with the nitrogen to which they are
attached, form pyrrolidinyl, piperidinyl, morpholinyl,
which 1s unsubstituted or once or two times substituted by
carboxyl;

or pharmaceutically acceptable salts, enantiomers or diaste-
reomers thereof.

The invention 1s also relates to their manufacture, medi-
caments based on a compound in accordance with the
invention and their production as well as the use of com-
pounds of formula I as HBsAg inhibitors. Accordingly, the
compounds of formula I are useful for the treatment or
prophylaxis of HBV nfection.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Unless otherwise defined, all technical and scientific
terms used herein have the same meaming as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Furthermore, the following definitions
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4

are set forth to illustrate and define the meaning and scope
of the various terms used to describe the invention.

Definitions

As used herein, the term “C,_calkyl” alone or in combi-
nation signifies a saturated, linear- or branched chain alkyl
group containing 1 to 6, particularly 1 to 4 carbon atoms, for
example methyl, ethyl, propyl, 1sopropyl, 1-butyl, 2-butyl,
tert-butyl and the like. Particular “C,_.alkyl” groups are
methyl, ethyl, 1sopropyl and tert-butyl.

The term “C _H,. ~ alone or in combination signifies a
saturated, linear- or branched chain alkyl group containing 1
to 6, particularly 1 to 4 carbon atoms.

The term “C,_.cycloalkyl”, alone or in combination,
refers to a saturated carbon ring containing from 3 to 7
carbon atoms, particularly from 3 to 6 carbon atoms, for
example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and the like. Particular “C,_-cycloalkyl” groups
are cyclopropyl, cyclopentyl and cyclohexyl.

The term “C,_calkoxy” alone or in combination signifies
a group C,_.alkyl-O—, wherein the “C, _.alkyl” 1s as defined
above; for example methoxy, ethoxy, propoxy, 1s0-propoxy,
n-butoxy, 1so-butoxy, 2-butoxy, tert-butoxy and the like.
Particular “C, _calkoxy™ groups are methoxy and ethoxy and
more particularly methoxy.

The term “amino”, alone or in combination, refers to
primary (—NH,), secondary (—NH-—) or tertiary amino

—N/
C\)

The term “carboxy” or “carboxyl” alone or 1n combina-
tion refers to the group —COOH.

The term “cyano” alone or 1in combination refers to the
group —CN.

The term “halogen”™ means fluorine, chlorine, bromine or
iodine. Halogen 1s particularly fluorine, chlorine or bromine.

The term “hydroxy” alone or 1n combination refers to the
group —OH.

The term “l1H-tetrazol-5-y1” alone or in combination
refers to the group

\\

-~.._/
N

The term “sulfonyl” alone or 1n combination refers to the
group —S(0),—

The term *“C,_.alkylamino™ refers to amino group as
defined above wherein at least one of the hydrogen atoms of
the amino group 1s replaced by a C, _.alkyl group.

The term “C, _alkylsulfonyl” refers to a group C, _alkyl-
S(0O),—, wherein the “C, _alkyl” 1s as defined above.

The term “compound(s) of this invention” and “com-
pound(s) of the present invention” refers to compounds of
formula I and stereoisomers, solvates or salts thereof (e.g.,
pharmaceutically acceptable salts).

The term “substituent” denotes an atom or a group of
atoms replacing a hydrogen atom on the parent molecule.

The term “enantiomer” denotes two stereoisomers of a
compound which are non-superimposable mirror images of
one another.

The term “diastereomer” denotes a stereoisomer with two
or more centers of chirality and whose molecules are not
mirror 1mages of one another.

The compounds according to the present invention may
exist 1n the form of their pharmaceutically acceptable salts.



US 9,920,049 B2

S

The term “pharmaceutically acceptable salt” refers to con-
ventional acid-addition salts or base-addition salts that retain
the biological eflectiveness and properties of the compounds
of formula I and are formed from suitable non-toxic organic
or inorganic acids or organic or inorganic bases. Acid-
addition salts include for example those derived from 1nor-
ganic acids such as hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulfuric acid, sulfamic acid, phosphoric
acid and nitric acid, and those derived from organic acids
such as p-toluenesulfonic acid, salicylic acid, methanesul-
fonic acid, oxalic acid, succinic acid, citric acid, malic acid,
lactic acid, fumaric acid, and the like. Base-addition salts
include those derived from ammonium, potassium, sodium
and, quaternary ammonium hydroxides, such as {for
example, tetramethyl ammonium hydroxide. The chemical
modification of a pharmaceutical compound into a salt 1s a
technique well known to pharmaceutical chemaists in order to
obtain improved physical and chemical stability, hygroscop-
icity, tlowability and solubility of compounds. It 1s for
example described 1n Bastin R. J., et al., Organic Process
Research & Development 2000, 4, 427-433; or 1n Ansel, H.,
et al., In: Pharmaceutical Dosage Forms and Drug Delivery
Systems, 6th ed. (1993), pp. 196 and 1456-1457/. Particular
are the sodium salts of the compounds of formula 1.
Compounds of the general formula I which contain one or

several chiral centers can either be present as racemates,
diastereomeric mixtures, or optically active single 1somers.
The racemates can be separated according to known meth-
ods into the enantiomers. Particularly, diastereomeric salts
which can be separated by crystallization are formed from
the racemic mixtures by reaction with an optically active
acid such as e.g. D- or L-tartaric acid, mandelic acid, malic
acid, lactic acid or camphorsulifonic acid.

Inhibitors of HBsAg

The present invention relates to (1) a compound of for-

mula (I):
(D)
O
6
) ‘)‘\‘/Y\X,R
R2
\N/
R’ R>
R4
wherein

X is oxygen or N—R”;

Y 1s CH, or C(O);

R' is hydrogen, halogen, C, .alkyl, or C,_.alkoxy;

R“ is hydrogen; halogen; C, _.alkyl, which is unsubstituted or
once or more times substituted by fluoro; or C, _.alkoxy;

R” is hydrogen; halogen; C, _.alkyl, which is unsubstituted or
once or more times substituted by fluoro; cyano; mor-
pholinyl; pyrrolidinyl; or R®*—O—, wherein R® is
C, _qalkyl, which 1s unsubstituted or once or more times
substituted by fluoro, C,_.alkoxy, C,_salkylsulionyl,
cyano, C, - cycloalkyl, C,_calkylamino, diC,_.alky-
lamino, hydroxy, phenyl, pyrrolidinyl or tetrahydropyra-
nyl;

R* is hydrogen, halogen or C,_.alkyl;

R> is hydrogen; C,_.alkyl, which is unsubstituted or once or
more times substituted by fluoro; C,_.alkoxy; C; -Cy-
cloalkyl or C,_-cycloalkyl-C H,,—;

R® is hydrogen; C,_.alkylsulfonyl; hydroxyl; 1H-tetrazol-5-
yl; C,_qalkyl, which 1s unsubstituted or once or more
times substituted by fluoro, C,_,cycloalkyl, carboxyl-
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C _H,.—, phenyl, hydroxy, C,_calkoxy, amino, C, _.alky-
lamino or diC, _.alkylamino;

R’ is hydrogen or C,_.alkyl;

or R® and R’, together with the nitrogen to which they are
attached, form pyrrolidinyl, piperidinyl, morpholinyl,
which 1s unsubstituted or once or two times substituted by
carboxyl;

or pharmaceutically acceptable salts, enantiomers or diaste-
reomers thereof.

Another embodiment of present invention 1s (1) a com-
pound of formula (I), wherein

X is oxygen or N—R”;

Y 1s CH, or C(O);

R*' is hydrogen or halogen;

R” is hydrogen, halogen or C,_.alkoxy;

R? is R*—0O—, wherein R® is C,_.alkyl, which is unsubsti-
tuted or once or two times substituted by C,_.alkoxy,
C;_-cycloalkyl or phenyl;

R* is hydrogen;

R> is C,_.alkyl, which is unsubstituted or once or two times
substituted by trifluoromethyl; or C,_,cycloalkyl;

R® is hydrogen; C, _.alkyl, which is unsubstituted or once or
two times substituted by phenyl, hydroxy, C,_.alkoxy,
carboxy, diC, _.alkyl amino; hydroxy; 1H-tetrazol-5-yl or
C,_salkylsulionyl;

R’ is hydrogen or C,_.alkyl;

or R® and R’, together with the nitrogen to which they are
attached, form pyrrolidinyl, piperidinyl, morpholinyl,
which 1s unsubstituted or once or two times substituted by
carboxyl;

or pharmaceutically acceptable salts, enantiomers or diaste-
reomers thereol.

A Turther embodiment of present mvention 1s (111) a

compound of formula (I), wherein

X 1s oxygen or N—R”;

Y 1s CH, or C(O);

R' is hydrogen or chloro;

R” is hydrogen, methoxy or chloro;

R® is R®*—O—, wherein R® is methyl, ethyl, propyl, isobu-
tyl, which 1s unsubstituted or once or two times substi-
tuted by methoxy, cyclopropyl or phenyl;

R* is hydrogen:;

R> is ethyl, isopropyl, trifluoromethylmethyl, tert-butyl or
cyclobutyl;

R° is hydrogen; methyl, ethyl, propyl, isopropyl or isobutyl,
which 1s unsubstituted or once or two times substituted by
phenyl, hydroxy, methoxy, carboxy, dimethylamino;
hydroxy; 1H-tetrazol-5-yl or methylsulifonyl;

R’ is hydrogen or methyl;

or R° and R’, together with the nitrogen to which they are
attached, form pyrrolidinyl, piperidinyl, morpholinyl,
which 1s unsubstituted or once or two times substituted by
carboxyl;

or pharmaceutically acceptable salts, enantiomers or diaste-
reomers thereol.

Another embodiment of the present mmvention 1s (1v) a
compound of formula (I) as defined above, or pharmaceu-
tically acceptable salts, enantiomers or diastereomers
thereof, wherein R is hydrogen, and all remaining substitu-
ents have the significances given herein before.

Another embodiment of present invention 1s (v) a com-
pound of formula (I) as defined above, or pharmaceutically
acceptable salts, enantiomers or diastereomers thereof,
wherein R* is C,_.alkoxy or halogen, and all remaining
substituents have the significances given herein before.

A further embodiment of present invention 1s (vi) a
compound of formula (1) wherein R” is methoxy or chloro.

Another embodiment of present invention 1s (vi1) a com-
pound of formula (I) as defined above, or pharmaceutically
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acceptable salts, enantiomers or diastereomers thereof,

wherein R® is R®—O—, wherein R® is C,_.alkyl, which is

unsubstituted or once or two times substituted by C, _.alkoxy
or phenyl, and all remaining substituents have the signifi-
cances given herein before.

A further embodiment of present invention 1s (vii) a
compound of formula (I), wherein R” is R®*—O—, wherein
R® is methyl or propyl, which is unsubstituted or once or two
times substituted by methoxy or phenyl.

Another embodiment of present invention 1s (1X) a com-
pound of formula (I) as defined above, or pharmaceutically
acceptable salts, enantiomers or diastereomers thereof,
wherein R is C,_.alkyl, which is unsubstituted or once or
two times substituted by fluoro; or C,_-cycloalkyl, and all
remaining substituents have the significances given herein
betore.

A Turther embodiment of present invention 1s (X) a com-
pound of formula (I) as defined above, or pharmaceutically
acceptable salts, enantiomers or diastereomers thereof,
wherein R is ethyl or isopropyl, and all remaining substitu-
ents have the significances given herein before.

Another embodiment of present invention 1s (x1) a com-
pound of formula (I) as defined above, or pharmaceutically
acceptable salts, enantiomers or diastereomers thereof,
wherein R° is hydrogen; methyl, ethyl, propyl, isopropyl or
1sobutyl, which 1s unsubstituted or once or two times sub-
stituted by phenyl, hydroxy, methoxy, carboxy, dimethyl-
amino; hydroxy; 1H-tetrazol-5-yl or methylsulfonyl, and all
remaining substituents have the significances given herein
betore.

Another embodiment of present invention 1s (X11) a com-
pound of formula (I) as defined above, or pharmaceutically
acceptable salts, enantiomers or diastereomers thereof,
wherein R® and R’, together with the nitrogen to which they
are attached, form pyrrolidinyl, piperidinyl, morpholinyl,
which 1s unsubstituted or once or two times substituted by
carboxyl, and all remaining substituents have the signifi-
cances given herein before.

Still another embodiment of present invention 1s (xi11) a
compound of formula (I), wherein
X 1s oxygen, NH or N(C, _.alkyl);

Y 1s CH, or C(O);

R' is hydrogen;

R” is Cé_ﬁalkoxy or halogen;

R® is R*—O—,

wherein R® is C,_.alkyl, which is unsubstituted or once
substituted by phenyl or C,_.alkoxy;

R* is hydrogen:;

R> is C,_salkyl or C,_-cycloalkyl;

R°is C, _qalkylsulfonyl; 1H-tetrazol-5-yl; C,_.alkyl, which is
unsubstituted or once substituted by C,_.alkoxy;

or pharmaceutically acceptable salts, or enantiomers thereof.
A Turther embodiment of present invention 1s (X1v) a

compound of formula (I), wherein

X 1s oxygen, NH or N(CH,);

Y 1s CH, or C(O);

R' is hydrogen;

R” is methoxy or chloro;

R® is R®®*—0O—,

wherein R® is methyl, ethyl, propyl or isobutyl, which is
unsubstituted or once substituted by phenyl or methoxy;

R* is hydrogen:;

R> is ethyl, isopropyl, tert-butyl or cyclobutyl;

R° is methylsulfonyl; 1H-tetrazol-5-yl; methyl; or isopropyl,
which 1s once substituted by methoxy; or pharmaceuti-
cally acceptable salts, or enantiomers thereof.

Particular compounds of formula (I) according to the
invention are the following:
N-benzyl-9-benzyloxy-6-ethyl-10-methoxy-2-0x0-6,7-d1-

hydrobenzo|a]quinolizine-3-carboxamide;
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9-benzyloxy-6-ethyl-10-methoxy-N-methyl-2-0x0-6,7-d1-
hydrobenzo[a]quinolizine-3-carboxamide;

9-benzyloxy-6-ethyl-10-methoxy-N-(2-methoxy-1-methyl-
cthyl)-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-carbox-
amide:

9-benzyloxy-6-ethyl-10-methoxy-N-methylsulfonyl-2-oxo-
6,7-dihydrobenzo| a]quinolizine-3-carboxamide;

9-benzyloxy-6-ethyl-10-methoxy-2-oxo-N-propyl-6,7-di-
hydrobenzo[a]quinolizine-3-carboxamide;

9-benzyloxy-6-ethyl-N-(2-hydroxyethyl)-10-methoxy-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxamide;

9-benzyloxy-6-ethyl-N-(2-hydroxy-1-methyl-ethyl)-10-
methoxy-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-car-
boxamide:

9-benzyloxy-N-[2-(dimethylamino )ethyl]-6-ethyl-10-
methoxy-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-car-
boxamide;

9-benzyloxy-6-ethyl-10-methoxy-2-oxo-N-sec-butyl-6,7-
dihydrobenzo[ a]quinolizine-3-carboxamide;

9-benzyloxy-6-ethyl-10-methoxy-2-0x0-6,7-dihydrobenzo
|a]quinolizine-3-carbohydroxamic acid;

9-benzyloxy-N-[2-(dimethylamino)-1-methyl-ethyl]-6-
cthyl-10-methoxy-2-0x0-6,7-dihydrobenzo[a]quinoliz-
1ne-3-carboxamide;

9-benzyloxy-6-ethyl-10-methoxy-N-(2-methoxyethyl)-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxamide;

4-] 6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-oxo0-6,7-
dihydrobenzo|a]quinolizine-3-carbonyl|morpholine-2-
carboxylic acid;

6-cthyl-10-methoxy-9-(3-methoxypropoxy)-2-oxo-N-(1H-
tetrazol-5-y1)-6,7-dihydrobenzo[ a]quinolizine-3-carbox-
amide:

N-benzyl-6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxamide;

6-cthyl-10-methoxy-N-(2-methoxy-1-methyl-ethyl)-9-(3-
methoxypropoxy )-2-0x0-6,7-dihydrobenzo[a]quinoliz-
1ne-3-carboxamide:

9-ethoxy-6-ethyl-10-methoxy-N-(2-methoxy-1-methyl-
cthyl)-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-carbox-
amide:
6-cthyl-9-1sobutoxy-10-methoxy-N-(2-methoxy-1-methyl-
cthyl)-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-carbox-
amide;
9-(cyclopropylmethoxy)-6-ethyl-10-methoxy-N-(2-
methoxy-1-methyl-ethyl)-2-0x0-6,7-dihydrobenzo[a]qui-
nolizine-3-carboxamide;
6-cthyl-3-(hydroxymethyl)-10-methoxy-9-(3-methoxy-
propoxy)-6,7-dihydrobenzo[a]quinolizin-2-one;
4-[[6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-0x0-6,7-
dihydrobenzo[a]quinolizin-3-ylJmethyl jmorpholine-3-
carboxylic acid;
1-[[6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-0x0-6,7-
dihydrobenzo[a]quinolizin-3-yl]Jmethyl|piperidine-2-car-
boxylic acid;
1-[[6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-0x0-6,7-
dihydrobenzo[a]quinolizin-3-yl|Jmethyl|pyrrolidine-2-
carboxylic acid;
6-cthyl-10-methoxy-9-(3-methoxypropoxy)-3-(1-piperidyl-
methyl)-6,7-dihydrobenzo[ a]quinolizin-2-one;
6-cthyl-10-methoxy-9-(3-methoxypropoxy)-3-(pyrrolidin-
1-ylmethyl)-6,7-dihydrobenzo[a]quinolizin-2-one;
6-cthyl-10-methoxy-9-(3-methoxypropoxy)-3-(morpholi-
nomethyl)-6,7-dihydrobenzo[a]quinolizin-2-one;
6-cthyl-10-methoxy-9-(3-methoxypropoxy)-3-(methylam-
inomethyl)-6,7-dihydrobenzo[a]quinolizin-2-one;

3-[ (dimethylamino )methyl]-6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-6,7-dihydrobenzo[a]quinolizin-2-one;

6-cthyl-10-methoxy-3-(methoxymethyl)-9-(3-methoxy-
propoxy )-6,7-dihydrobenzo[a]quinolizin-2-one;
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6-cyclobutyl-10-methoxy-9-(3-methoxypropoxy)-2-0xo-N-

(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine-3-car-

boxamide;
(6R)-6-¢thyl-9,10-dimethoxy-2-0xo0-N-(1H-tetrazol-5-y1)-6,

7-dihydrobenzo| a]quinolizine-3-carboxamide;
6-tert-butyl-10-methoxy-9-(3-methoxypropoxy)-2-0xo-N-

(1H-tetrazol-3-y1)-6,7-dihydrobenzo[a]quinolizine-3-car-

boxamide;
6-cyclobutyl-10-methoxy-9-(3-methoxypropoxy)-2-0xo-N-

(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine-3-car-

boxamide;
11-chloro-6-1sopropyl-9-(2-methoxyethoxy)-2-oxo-N-(1H-

tetrazol-3-y1)-6,7-dihydrobenzo[a]quinolizine-3-carbox-
amide;
9,10-dimethoxy-2-ox0-N-(1H-tetrazol-3-y1)-6-(2,2,2-tr11-
luoroethyl)-6,7-dihydrobenzo[ alquinolizine-3-carboxam-
1de;
6-1sopropyl-10-methoxy-9-(3-methoxypropoxy)-2-oxo-N-

(1H-tetrazol-3-y1)-6,7-dihydrobenzo[a]quinolizine-3-car-

boxamide;
10-chloro-6-1sopropyl-9-(3-methoxypropoxy)-2-0xo-N-

(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine-3-car-

boxamide;
(+)-10-chloro-6-1sopropyl-9-(3-methoxypropoxy)-2-0xo-N-

(1H-tetrazol-3-y1)-6,7-dihydrobenzo[a]quinolizine-3-car-

boxamide;
or pharmaceutically acceptable salts thereof.

More particularly, the invention relates to the following
compounds of formula (I):
9-benzyloxy-6-ethyl-10-methoxy-N-methylsultonyl-2-oxo-

6,7-dihydrobenzo[a]quinolizine-3-carboxamide;
6-cthyl-10-methoxy-9-(3-methoxypropoxy)-2-oxo-N-(1H-

tetrazol-3-y1)-6,7-dihydrobenzo[a]quinolizine-3-carbox-
amide;
9-cthoxy-6-ethyl-10-methoxy-N-(2-methoxy-1-methyl-
ethyl)-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-carbox-
amide;
6-cthyl-9-1sobutoxy-10-methoxy-N-(2-methoxy-1-methyl-
cthyl)-2-ox0-6,7-dihydrobenzo[a]quinolizine-3-carbox-
amide;
3-[(dimethylamino )methyl]-6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-6,7-dihydrobenzo|a]quinolizin-2-one;
6-cthyl-10-methoxy-3-(methoxymethyl)-9-(3-methoxy-
propoxy)-6.7-dihydrobenzo[a]quinolizin-2-one;
6-tert-butyl-10-methoxy-9-(3-methoxypropoxy)-2-0xo-N-

(1H-tetrazol-3-y1)-6,7-dihydrobenzo[a]quinolizine-3-car-

boxamide;
6-cyclobutyl-10-methoxy-9-(3-methoxypropoxy)-2-0xo-N-

(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine-3-car-

boxamide;
10-chloro-6-1sopropyl-9-(3-methoxypropoxy)-2-0xo-N-

(1H-tetrazol-3-y1)-6,7-dihydrobenzo[a]quinolizine-3-car-

boxamide;
(6S)-10-chloro-6-1sopropyl-9-(3-methoxypropoxy)-2-oxo-

N-(1H-tetrazol-5-yl)-6,7-dihydrobenzo[a]quinolizine-3-

carboxamide:
or pharmaceutically acceptable salts thereof.

It will be appreciated, that the compounds of general
tformula (I) 1n this invention may be derivatised at functional
groups to provide derivatives which are capable of conver-
sion back to the parent compound in vivo. Physiologically
acceptable and metabolically labile derivatives, which are
capable of producing the parent compounds of general
formula (I) in vivo are also within the scope of this mnven-
tion.

Synthesis

The compounds of the present invention can be prepared
by any conventional means. Suitable processes for synthe-
s1zing these compounds as well as their starting maternals are
provided in the schemes below and in the examples. All
substituents, in particular, R' to R’, X and Y are as defined
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above unless otherwise indicated. Furthermore, and unless
explicitly otherwise stated, all reactions, reaction conditions,
abbreviations and symbols have the meanings well known to
a person of ordinary skill 1n organic chemaistry.

General Synthetic Route for Intermediates (Scheme 1)
Scheme 1
Method 1)
Rl
RZ Pd catalyst, ligand,
O
base, solvent
P S -
RS
R’ B
' II
R4
11
Rl
R2
R3
v
Method 2)
Rl
RZ
R>CH,NO,
-
0 AcONH, or
/
R3 Me>NH-HCI
R4
VI
Rl
RZ
N R> LiAlH,, THE
-
or Pd/C, H>,
YO o [vent
R N02 »0 1V CI1
R4
VII
Rl
RZ
‘ X NIL,
R3 / \)\ RS
R4
V-1

Intermediates can be Prepared According to Scheme 1.

By Method 1), coupling reaction of 11 with III affords IV.
The reaction can be carried out 1n the presence of Pd catalyst

such as Pd,(dba),, Pd(PPh,), or PACI1,(PPh,),, a ligand such
as Xantphos, and a suitable base such as t-BuONa, Na,CO,
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or Cs,CO,, m a suitable solvent such as THEF, toluene or chloride affords VII, which 1s reduced by LiAlH, or under-
1,4-dioxane at room temperature to 130° C. Reductive

e . goes hydrogenation 1n the presence of Pd/C to give V-1.
amination of IV aflords Compound V.

By Method 2), Compound VI reacts with nitroalkane 1n General Synthetic Route for Compounds Ia, Ib and Ic
the presence of ammonium acetate or dimethylamine hydro- (Scheme 2)
Scheme 2

R! O

RZ )k i) (COCl)>, DCM, 1t

HN H i) FeCls, -10° C. ~ 1,
HCOOEL, solvent i11) H>SOy4, EtOH, reflux
g e
R> or HCOOH, solvent R’ R
R4
V X1
O O
Cl_ﬁﬂlkyl
O/
Rl
R2 ™~

X Xy N

n3 P \)\ ns solvent _

p-chloranil

-

solvent

XIII

Li1OH or NaOH, H>O, solvent ‘

ROR'NH, HATU,

base, solvent

X1V

HX—RY, base, solvent

-~

XVI
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The compound of formula Ia, Ib, and Ic can be prepared
according to Scheme 2. Compound V 1s heated with ethyl
formate or formic acid in a solvent such as ethanol or
dioxane to aflord Compound XI. Compound XI 1s treated
with oxalyl chloride followed by FeCl, at —-10° C. to room
temperature, and then after separation, the mtermediate 1s
heated with a solution of concentrated H,SO,, in methanol to
give Compound XII. Compound XII reacts with C,_calkyl
2-(dimethylaminomethylene)-3-oxo-butanoate 1n a solvent
such as DMSO, DMF or ethanol to give Compound XIII.
After dehydrogenation by p-chloranil, Compound XIV 1s
obtained. Hydrolyzation of XIV by lithhum hydroxide or
sodium hydroxide in a suitable solvent such as THEF/H,O,
EtOH/H,O or MeOH/H,O affords Compound XV. Com-
pound XV reacts with an amine 1n the presence of HATU, a
base such as DIPEA, TEA or NaHCO,, 1n a solvent such as

DMF to give Ia. Compound XV can be reduced by
DIBAL-H to give compound Ib, which 1s converted to
compound XVI by SOCL,. Compound XVI reacts with an
amine or alcohol 1n the presence of a base such as TEA to
give compound Ic.

Chiral compound of formula I can be prepared by chiral
HPLC separation of corresponding racemic compound.

This invention also relates to a process for the preparation
of a compound of formula (I) comprising one of the fol-
lowing steps:

(a) the reaction of a compound of formula (A)

(A)

with R°R’NH and HATU in the presence of a base; or
(b) the reaction of a compound of formula (B)

(B)

N

|
X

b®
w

with HX—R® in the presence of a base; wherein X, R" to R’
are defined above unless otherwise idicated.

In step (a) and step (b), a base can be for example
independently selected from Et;N, DIPEA and K,CO,.

A compound of formula I when manufactured according
to the above process 1s also an object of the invention.
Pharmaceutical Compositions and Administration

The invention also relates to a compound of formula I for
use as therapeutically active substance.

Another embodiment provides pharmaceutical composi-
tions or medicaments containing the compounds of the
invention and a therapeutically inert carrier, diluent or
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excipient, as well as methods of using the compounds of the
invention to prepare such compositions and medicaments. In
one example, compounds of formula (I) may be formulated
by mixing at ambient temperature at the appropnate pH, and

at the desired degree of purity, with physiologically accept-
able carriers, 1.e., carriers that are non-toxic to recipients at
the dosages and concentrations employed 1nto a galenical
administration form. The pH of the formulation depends
mainly on the particular use and the concentration of com-
pound, but preferably ranges anywhere from about 3 to
about 8. In one example, a compound of formula (I) 1s
formulated 1n an acetate bufler, at pH 5. In another embodi-
ment, the compounds of formula (I) are sterile. The com-
pound may be stored, for example, as a solid or amorphous
composition, as a lyophilized formulation or as an aqueous
solution.

Compositions are formulated, dosed, and administered 1n
a fashion consistent with good medical practice. Factors for
consideration in this context include the particular disorder
being treated, the particular mammal being treated, the
clinical condition of the individual patient, the cause of the
disorder, the site of delivery of the agent, the method of
administration, the scheduling of administration, and other
factors known to medical practitioners. The “eflective
amount” of the compound to be administered will be gov-
erned by such considerations, and 1s the minimum amount
necessary to inhibit HBsAg. For example, such amount may
be below the amount that 1s toxic to normal cells, or the
mammal as a whole.

In one example, the pharmaceutically eflective amount of
the compound of the invention administered parenterally per
dose will be 1n the range of about 0.01 to 100 mg/kg,
alternatively about 0.01 to 100 mg/kg of patient body weight
per day, with the typical imitial range of compound used
being 0.3 to 15 mg/kg/day. In another embodiment, oral unit
dosage forms, such as tablets and capsules, preferably
contain from about 0.1 to about 1000 mg of the compound
of the mvention.

The compounds of the mnvention may be administered by
any suitable means, including oral, topical (including buccal
and sublingual), rectal, vaginal, transdermal, parenteral,
subcutaneous, intraperitoneal, itrapulmonary, intradermal,
intrathecal and epidural and intranasal, and, 11 desired for
local treatment, intralesional administration. Parenteral infu-
sions 1nclude intramuscular, intravenous, intraarterial, intra-
peritoneal, or subcutaneous administration.

The compounds of the present invention may be admin-
istered 1n any convenient administrative form, e.g., tablets,
powders, capsules, solutions, dispersions, suspensions, Syr-
ups, sprays, suppositories, gels, emulsions, patches, efc.
Such compositions may contain components conventional 1n
pharmaceutical preparations, e.g., diluents, carriers, pH
modifiers, sweeteners, bulking agents, and further active
agents.

A typical formulation 1s prepared by mixing a compound
of the present invention and a carrier or excipient. Suitable
carriers and excipients are well known to those skilled 1n the
art and are described 1n detail 1n, e.g., Ansel, Howard C., et
al., Ansel’s Pharmaceutical Dosage Forms and Drvug Deliv-
ery Systems. Philadelphia: Lippincott, Williams & Wilkins,
2004; Gennaro, Alfonso R., et al. Remington: The Science
and Practice of Pharmacy. Philadelphia: Lippincott, Wil-
liams & Wilkins, 2000; and Rowe, Raymond C. Handbook
of Pharmaceutical Excipients. Chicago, Pharmaceutical
Press, 2005. The formulations may also include one or more
buflers, stabilizing agents, surfactants, wetting agents, lubri-
cating agents, emulsifiers, suspending agents, preservatives,
antioxidants, opaquing agents, glidants, processing aids,
colorants, sweeteners, perfuming agents, flavoring agents,
diluents and other known additives to provide an elegant
presentation of the drug (i.e., a compound of the present
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invention or pharmaceutical composition thereof) or aid 1n
the manufacturing of the pharmaceutical product (i.e., medi-
cament).

An example of a suitable oral dosage form 1s a tablet
contaiming about 0.1 to 1000 mg of the compound of the
invention compounded with about 0 to 2000 mg anhydrous
lactose, about 0 to 2000 mg sodium croscarmellose, about O
to 2000 mg polyvinylpyrrolidone (PVP) K30, and about 0 to
2000 mg magnesium stearate. The powdered ingredients are
first mixed together and then mixed with a solution of the
PVP. The resulting composition can be dried, granulated,
mixed with the magnesium stearate and compressed to tablet
form using conventional equipment. An example of an
aerosol formulation can be prepared by dissolving the com-
pound, for example 0.1 to 1000 mg, of the invention 1n a
suitable bufler solution, e¢.g. a phosphate builer, adding a
tonicifier, e.g. a salt such sodium chlonde, 1t desired. The
solution may be filtered, e.g., using a 0.2 micron filter, to
remove impurities and contaminants.

An embodiment, therefore, includes a pharmaceutical
composition comprising a compound of Formula I, or a
stereoisomer or pharmaceutically acceptable salt thereot. In

a further embodiment includes a pharmaceutical composi-
tion comprising a compound of Formula I, or a stereoisomer
or pharmaceutically acceptable salt thereot, together with a
pharmaceutically acceptable carrier or excipient.

The following example A and B illustrate typical com-
positions ol the present mmvention, but serve merely as
representative thereof.

Example A

A compound of formula I can be used 1n a manner known
per se as the active mgredient for the production of tablets
of the following composition:

Per tablet

Active mgredient 200 mg
Microcrystalline cellulose 155 mg
Corn starch 25 mg
Talc 25 mg
Hydroxypropylmethylcellulose 20 mg
425 mg

Example B
A compound of formula I can be used 1n a manner known

per se as the active ingredient for the production of capsules
of the following composition:

Per capsule

Active ingredient 100.0 mg
Corn starch 20.0 mg
Lactose 95.0 mg
Talc 4.5 mg
Magnesium stearate 0.5 mg

220.0 mg

Indications and Methods of Treatment

The compounds of the imvention can inhibit HBsAg
production or secretion and mhibit HBV gene expression.
Accordingly, the compounds of the invention are useful for
the treatment or prophylaxis of HBV 1infection.
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The invention relates to the use of a compound of formula
I for the inhibition of HBsAg production or secretion.
The mvention relates to the use of a compound of formula

I for the inhibition of HBV gene expression.

The invention relates to the use of a compound of formula
I for the treatment or prophylaxis of HBV infection.

The use of a compound of formula I for the preparation of
medicaments useful 1n the treatment or prophylaxis diseases
that are related to HBV 1nfection 1s an object of the mven-
tion.

The mvention relates 1 particular to the use of a com-
pound of formula I for the preparation of a medicament for
the treatment or prophylaxis of HBV infection.

Another embodiment 1includes a method for the treatment
or prophylaxis of HBV infection, which method comprises
administering an eflective amount of a compound of For-
mula I, a stereoisomer, tautomer, prodrug, conjugates or
pharmaceutically acceptable salt thereof.

Combination Therapy

The compounds of the invention can be combined with
other anti HBV agents such as interferon alpha-2b, inter-
feron alpha-2a, and interferon alphacon-1 (pegylated and
unpegylated), ribavirin, lamivudine (3TC), entecavir, teno-
fovir, telbivudine (L.dT), adefovir, or other emerging anti

HBYV agents such as HBV RNA replication inhibitor, HBsAg
secretion inhibitors, HBV capsid inhibitors, antisense oli-

gomer, SIRNA, HBV therapeutic vaccine, HBV prophylactic

vaccine, HBV antibody therapy (monoclonal or polyclonal)
and TLR 2, 3, 7, 8 and 9 agonists for the treatment or

prophylaxis of HBV.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. X-ray structure of (6S)-6-ethyl-9,10-dimethoxy-
2-0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxylic  acid
[the (S)-enantiomer intermediate of step 6 1n Example 31]

EXAMPLES

The invention will be more fully understood by reference
to the following examples. They should not, however, be
construed as limiting the scope of the invention.

Abbreviations used herein are as follows:

ul: microliter

wm: micrometer

uM: micromoles per liter

AcOH: acetic acid

Ar: argon

BSA: bovine serum albumin

CHC;: trichloromethane

conc. concentrated

DCM or CH,Cl,: dichloromethane

DIPEA: N,N-diuisopropylethylamine

DME: 1,2-dimethoxyethane
DMEF: dimethylformamide
DMSO-d6: deuterated dimethylsulfoxide

EtOAc: ethyl acetate

EtOH: ethanol

Et,O: diethyl ether

Et;N or TEA: triethylamine

g: gram

h or hr: hour

hrs: hours

IC.,: the hallf maximal inhibitory concentration

HATU: O-(7-aza-1H-benzotriazole-1-y1)-N,N,N',N'-te-
tramethyluronium hexatluorophosphate

HCI: hydrochloric acid
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HOACc acetic acid

H,SO,: sulturic acid

HPLC: high performance liquid chromatography
K,CQO;: potasstum carbonate

LC/MS: Liqud chromatography/mass spectrometry
MeOH or CH,OH: methanol

METHANOL-d,: perdeuteromethanol

M: molarity

mg: milligram

MHz: megahertz

min: minute

mins: minutes

ml.: milliliter

mM: millimoles per liter

mm: millimeter

mmol: millimole

MS (ESI): mass spectroscopy (electron spray 1onization)

NaOH: sodium hydroxide

Na,SO,: sodium sulfate

NaBH,CN: sodium cyanotrihydroborate
NaHCO,: sodium hydrogen carbonate
nM: nanomoles per liter

nm: nanometer

NMR: nuclear magnetic resonance

N,: nitrogen

obsd. observed

rt: room temperature

Pd/C: palladium on activated carbon
Pd(PPh,),: tetrakis(triphenylphosphine)palladium(0)

Pd(PPh,),Cl,: bis(triphenylphosphine)palladium(II)
chlonde

Pd(dpp)Cl,: [1,1'-bis(diphenylphosphino)ferrocene]d:-
chloropalladium(II)

prep-HPLC: preparative high performance liquid chroma-
tography

POCI;: phosphorus oxychloride

sat. Saturated

t-BuONa: sodium tert-butoxide

TEA: triethylamine

THE: tetrahydrofuran

TLC: thin layer chromatography

O: chemical shift

Xantphos: 4,5-bis(diphenylphosphino)-9,9-dimethylxan-
thene
General Experimental Conditions

Intermediates and final compounds were purified by flash
chromatography using one of the following instruments: 1)
Biotage SP1 system and the (Quad 12/25 Cartridge module.
11) ISCO combi-tlash chromatography instrument. Silica gel
Brand and pore size: i) KP-SIL 60 A, particle size: 40-60
uM; 11) CAS registry NO: Silica Gel: 63231-67-4, particle
s1ze: 47-60 micron silica gel; 11) ZCX from Qingdao Hai-
yang Chemical Co., Ltd., pore: 200-300 or 300-400,

Intermediates and final compounds were purified by pre-
parative HPLC on reversed phase column using X Bridge™
Perp C, 5 (5 um, OBD™ 30x100 mm) column or SunFire™
Perp C,5 (5 um, OBD™ 30x100 mm) column.

LC/MS spectra were obtained using an Acquity Ultra
Performance L.C-3100 Mass Detector or Acquity Ultra Per-
formance LC-SQ Detector. Standard LC/MS conditions
were as follows (running time 3 minutes):

Acidic condition: A: 0.1% formic acid in H,O; B: 0.1%
formic acid 1n acetonitrile:

Basic condition: A: 0.05% NH.H,O 1 H,O; B: acetoni-
trile:

Neutral condition: A: H,O; B: acetonitrile.
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Mass spectra (MS): generally only 10ns which indicate the
parent mass are reported, and unless otherwise stated the

mass 1on quoted 1s the positive mass 1on (M+H)™.

The microwave assisted reactions were carried out 1n a
Biotaae Initiator Sixty or CEM Discover.

NMR Spectra were obtained using Bruker Avance 400
MHz.

A single crystal was mounted 1n a loop and cooled to 160
K 1n a nitrogen stream. Data were collected on a Gemini R
Ultra diffractometer (Oxford Difiraction, UK) with Cu—K-
alpha-radiation (1.54178 A) and processed with the Crysa-
lis-package. Structure solution and refinement was per-

formed wusing the ShelXTL software (Bruker AXS,
Karlsruhe).

All reactions involving air-sensitive reagents were per-
formed under an argon atmosphere. Reagents were used as
received from commercial suppliers without further purifi-
cation unless otherwise noted.

L1
o

PREPARATIVE EXAMPL.

Example 1: N-benzyl-9-benzyloxy-6-ethyl-10-
methoxy-2-0x0-6,7-dihydrobenzo[ a]quinolizine-3-
carboxamide

o
SR Ae

AV N

O

Step 1: Preparation of
3-benzyloxy-4-methoxy-benzaldehyde

/O
‘/\/\O:@\/O

X
\/

A 5 L round-bottomed flask was charged with 3-hydroxy-
4-methoxy-benzaldehyde (304 g, 2 mol), bromomethylben-
zene (445 g, 2.6 mol, TCI), K,CO, (608 g, 4.4 mol) and
acetone (3 L). The resultant mixture was stirred at 20° C. for
16 hours, and then filtered and concentrated to give a yellow
o1l which was stood for 16 hours at room temperature. Then
petroleum ether (1 L) was added and the mixture was stirred
for 30 minutes and then filtered. The filter cake was dried to
give 3-benzyloxy-4-methoxy-benzaldehyde (400 g).
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Step 2: Preparation of 2-benzyloxy-1-methoxy-4-[2-
nitrobut-1-enyl|benzene

O/\/

OO
P

NO,

A mixture of 3-benzyloxy-4-methoxy-benzaldehyde (300
g, 1.24 mol) and ammonium acetate (95 g, 1.24 mol) 1n
toluene (4 L) was refluxed with a Dean-Stark trap for 2
hours. Then nitropropane (5352 g, 6.19 mol, TCI) was added
and the resultant mixture was refluxed for additional 36
hours. The mixture was concentrated under reduced pres-
sure, and then the residue was dissolved 1n ethyl acetate (2
L). The resultant solution was washed with water (1 L),
dried over anhydrous Na,SO, and concentrated. The residue
was purified by column chromatography to give 2-benzy-
loxy-1-methoxy-4-[2-nitrobut-1-enyl]benzene (270 g).

Step 3: Preparation of
1-(3-benzyloxy-4-methoxy-phenyl)butan-2-amine

NH,

A

To a mixture of L1AIH, (101 g, 2.67 mol) in THF (1500
ml.) cooled with an ice-water bath was added a solution of
2-benzyloxy-1-methoxy-4-[2-nitrobut-1-enyl]benzene (270
g, 862 mmol) in THF (1000 mL) dropwise. After addition,
the mixture was refluxed for 6 hours and then stirred at room
temperature for additional 16 hours. Water (101 g) was
added dropwise to the mixture at 0° C., and then followed by
addition of 15% NaOH aqueous solution (101 mL) and
water (303 mL). The resultant mixture was filtered, and the
filtrate was concentrated to afford crude 1-(3-benzyloxy-4-
methoxy-phenyl)butan-2-amine (224 g) which was used in
the next step without further purification.

Step 4: Preparation of N-[1-[(3-benzyloxy-4-
methoxy-phenyl)methyl |propyl|[formamide

OO

AN
\Ao/‘\/\)\/
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A maxture of 1-(3-benzyloxy-4-methoxy-phenyl)butan-2-

amine (224 g, 785 mmol) and formic acid (145 g, 3.14 mol,
Aldrich) 1n dioxane (2 L) was refluxed for 16 hours and then
concentrated under reduced pressure to afford the crude
N-[1-[(3-benzyloxy-4-methoxy-phenyl)methyl]|propyl]ior-

mamide (230 g), which was used in the next step without

purification.

Step 5: Preparation of 6-benzyloxy-3-ethyl-7-
methoxy-3,4-dihydroisoquinoline

SN X

‘/\/\O/
N

To a solution of N-[1-[(3-benzyloxy-4-methoxy-phenyl)
methyl]propyl]formamide (230 g, 734 mmol) 1n acetonitrile
(2000 mL) was added POCI, (189.16 g, 1.23 mol) dropwise
at 0-5° C. The resultant mixture was refluxed for 4 hours and
then concentrated. Ethyl acetate (3 L) was added to the
mixture, and then followed by addition of ammonia to adjust
the pH of the aqueous solution to around 11. The aqueous
layer was extracted with ethyl acetate (2 Lx3). The organic

layers were combined and then concentrated. The residue

was purified by column chromatography to give 6-benzy-
loxy-3-ethyl-7-methoxy-3.4-dihydroisoquinoline (90 g).

Step 6: Preparation of ethyl 9-benzyloxy-6-ethyl-
10-methoxy-2-0x0-1,6,7,11b-tetrahydrobenzola]
quinolizine-3-carboxylate

NN

ISR

\/\O/\/

A mixture of 6-benzyloxy-3-ethyl-7-methoxy-3,4-dihy-
droisoquinoline (10 g, 34 mmol) and ethyl 2-(ethoxymeth-
ylene)-3-oxo-butanoate (6.9 g, 37.4 mmol, General Material
Company Limited) mn EtOH (150 mL) was refluxed over-
night. The mixture was concentrated to give crude ethyl
9-benzyloxy-6-ethyl-10-methoxy-2-0x0-1,6,7,11b-tetrahyd-
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robenzo[a]quinolizine-3-carboxylate as a dark brown oil
which was used in the next step without purification.

Step 7: Preparation of ethyl 9-benzyloxy-6-ethyl-
10-methoxy-2-0x0-6,7-dihydrobenzo[a]quinolizine-
3-carboxylate

A mixture of crude ethyl 9-benzyloxy-6-ethyl-10-
methoxy-2-ox0-1,6,7,11b-tetrahydrobenzo[a]quinolizine-3-
carboxylate from Step 6 and p-chloranil (4.97 g, 20.4 mmol,
TCI) 1n DME (40 mL) was refluxed for 2 hours. After being
cooled to room temperature, the suspension was filtered with
suction. The filter cake was washed with cold DME and then
9-benzyloxy-6-ethyl-10-

dried under vacuum to give ethyl

methoxy-2-0x0-6,7-dihydrobenzo[ a]quinolizine-3-carboxy-

late as a yellow solid (5.2 g).

Step 8: Preparation of 9-benzyloxy-6-ethyl-10-
methoxy-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-
carboxylic Acid

OH

To a solution of ethyl 9-benzyloxy-6-ethyl-10-methoxy-
2-0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxylate (2 g,
4.6 mmol) in THF (20 mL) was added 10% NaOH aqueous
solution dropwise at room temperature. The resultant mix-
ture was stirred for 2 hours, and then acidified to pH 1-2 with
2 M hydrochloric acid. The mixture was extracted with
DCM (20 mLx2), and the combined organic layers were
washed with brine, dried over anhydrous Na,SO, and con-
centrated. The residue was purified by prep-HPLC to give
9-benzyloxy-6-ethyl-10-methoxy-2-0x0-6,7-dihydrobenzo
|a]quinolizine-3-carboxylic acid (1.5 g) as a light yellow
solid.
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Step 9: Preparation of N-benzyl-9-benzyloxy-6-
ethyl-10-methoxy-2-0x0-6,7-dihydrobenzo[a]quino-
lizine-3-carboxamide

Tz,

To a solution of 9-benzyloxy-6-ethyl-10-methoxy-2-0xo0-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,

0.2 mmol) 1n DMF (10 mL) was added HATU (114 mg, 0.3

mmol), triethylamine (100 ul) and phenylmethanamine (32
mg, 0.3 mmol, Acros Organics). The resultant solution was
stirred at room temperature for 3 h and then purified by

preparative HPLC to aflord N-benzyl-9-benzyloxy-6-ethyl-

10-methoxy-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-car-
boxamide (23 mg). 'H NMR (400 MHz, CDCL,): 8 8.53 (s,
1H), 7.39 (m, 11H), 6.96 (s, 1H), 6.76 (s, 1H), 5.21 (s, 2H),
4.68 (d, 2H), 4.18 (m, 1H), 3.95 (s, 3H), 3.33 (m, 1H), 2.82
(m, 1H), 1.63 (m, 2H), 0.90 (t, 3H). MS obsd. (ESI™)
[((M+H)™]: 495.

Example 2: 9-benzyloxy-6-ethyl

-10-methoxy-N-
methyl-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-
carboxamide

PN

-

N X

NG N
A

=

N

To a solution of 9-benzyloxy-6-ethyl-10-methoxy-2-0x0-

6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,

0.2 mmol, example 1, step 8) in DMF (10 mL) was added
HATU (,L14 mg, 0.3 mmol), triethylamine (100 ul.) and
methylamine hydrochloride (150 mg, 2.2 mmol). The resul-
tant solution was stirred at room temperature for 3 h and then
purified by preparative HPLC to aflord 9-benzyloxy-6-
cthyl-10-methoxy-3-(4-methylpiperazine-1- Carbonyl) 6,7-
dihydrobenzo|a|quinolizin-2-one (21 mg). "HNMR (400
MHz, MeOD): 6 8.60 (s, 1H), 7.41 (m, 6H), 7.04 (s, 2H),
5.22 (s, 2H), 4.48 (m, 1H), 3.96 (s, 3H), 3.34 (m, 1H), 3.03
(m, 2H), 2.98 (s, 3H), 2.61 (m, 2H), 1.63 (m, 2H), 0.90 (,
3H). MS obsd. (ESI™) [M+H)"]: 419.
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Example 3: 9-benzyloxy-6-ethyl-10-methoxy-N-(2-
methoxy-1-methyl-ethyl)-2-0x0-6,7-dihydrobenzo| a]
quinolizine-3-carboxamide

To a solution of 9-benzyloxy-6-¢thyl-10-methoxy-2-0xo-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,
0.2 mmol, example 1, step 8) in DMF (10 mL) was added
HATU (114 mg, 0.3 mmol), triethylamine (100 ul.) and
1 -methoxy-2-propanamine (350 mg, Aldrich). The resultant
solution was stirred at room temperature for 3 h and then
purified by preparative HPLC to aflord 9-benzyloxy-6-
cthyl-10-methoxy-N-(2-methoxy-1-methyl-ethyl )-2-0x0-6,
7-dihydrobenzo[a]quinolizine-3-carboxamide (21 mg). 'H
NMR (400 MHz, MeOD): 6 8.57 (s, 1H), 7.40 (m, 6H), 7.03
(s, 2H), 5.20 (s, 2H), 4.48 (m, 2H), 4.27 (m, 2H), 3.95 (s,
3H), 3.49 (s, 3H), 3.02 (m, 2H), 1.59 (m, 2H), 1.28 (d, 3H),
0.88 (t, 3H). MS obsd. (ESI™) [(M+H)™]: 477.

Example 4: 9-benzyloxy-6-ethyl-10-methoxy-N-
methylsulfonyl-2-ox0-6,7-dihydrobenzo[a]quinoliz-
ine-3-carboxamide

O O O O
\ 7/
NN
) )
SN ‘ ~y
e N

To a solution of 9-benzyloxy-6-¢thyl-10-methoxy-2-0xo-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,
0.2 mmol, example 1, step 8) in DMF (10 mL) was added
HATU (,h14 mg, 0.3 mmol), triecthylamine (100 ul) and
methyanesulfonamide (285 mg, Alfa Aesar). The resultant
solution was stirred at room temperature for 3 h and then
purified by preparative HPLC to aflord 9-benzyloxy-6-
cthyl-10-methoxy-N-methylsulfonyl-2-0x0-6,7-dihyd-
robenzo[a]quinolizine-3-carboxamide (5 mg). "HNMR (400
MHz, MeOD): 6 8.63 (s, 1H), 7.42 (m, 6H), 7.05 (s, 2H),
5.20 (s, 2H), 4.47 (m, 1H), 3.95 (s, 3H), 3.33 (m, 1H), 3.01
(m, 2H), 2.96 (s, 3H), 2.63 (m, 2H), 1.64 (m, 2H), 0.92 (x,
3H). MS obsd. (ESI™) [(M+H)"]: 483.
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Example 5: 9-benzyloxy-6-ethyl-10-methoxy-2-oxo-
N-propyl-6,7-dihydrobenzo[a]quinolizine-3-carbox-
amide

990
T

To a solution of 9-benzyloxy-6-ethyl-10-methoxy-2-0x0-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,
0.2 mmol, example 1, step 8) n DMF (10 mL) was added
HATU (114 mg, 0.3 mmol), triethylamine (100 ul.) and
propylamine (180 mg, Alfa Aesar). The resultant solution
was stirred at room temperature for 3 h and then purified by
prep-HPLC to aflord 9-benzyloxy-6-ethyl-10-methoxy-2-
0x0-N-propyl-6,7-dihydrobenzo|a]quinolizine-3-carboxam-
ide (14 mg). 'HINMR (400 MHz, MeOD): & 8.59 (s, 1H),
7.40 (m, 6H), 7.03 (s, 2H), 3.21 (s, 2H), 4.47 (m, 2H), 3.95
(s, 3H), 3.75 (m, 2H), 3.54 (m, 2H), 3.33 (m, 1H), 3.01 (m,
2H), 2.99 (d, 1H), 1.57 (m, 2H), 0.89 (t, 3H). MS obsd.
(EST™) [(M+H)™]: 447.

Example 6: 9-benzyloxy-6-ethyl-N-(2-hydroxy-
cthyl)-10-methoxy-2-0x0-6,7-dihydrobenzo[a]quino-
lizine-3-carboxamide

To a solution of 9-benzyloxy-6-ethyl-10-methoxy-2-0xo0-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,
0.2 mmol, example 1, step 8) in DMF (10 mL) was added
HATU (114 mg, 0.3 mmol), triethylamine (100 ulL) and
2-aminoethyanol (180 mg, TCI). The resultant solution was
stirred at room temperature for 3 h and then purified by
preparative HPLC to aflord 9-benzyloxy-6-ethyl-N-(2-hy-
droxyethyl)-10-methoxy-2-0x0-6,7-dihydrobenzo[a]quino-
lizine-3-carboxamide (11 mg). 'HNMR (400 MHz, MeOD):
0 8.59 (s, 1H), 7.41 (m, 6H), 7.05 (s, 2H), 5.22 (s, 2H), 4.48
(m, 2H), 3.96 (s, 3H), 3.40 (m, 2H), 3.01 (m, 2H), 2.99 (d,
1H), 1.65 (m, 2H), 0.87 (t, 3H). MS obsd. (ESI") [(M+H)™]:
449,
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Example 7: 9-benzyloxy-6-ethyl-N-(2-hydroxy-1-
methyl-ethyl)-10-methoxy-2-0x0-6,7-dihydrobenzo
[a]quinolizine-3-carboxamide

To a solution of 9-benzyloxy-6-ethyl-10-methoxy-2-0xo-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,
0.2 mmol, example 1, step 8) in DMF (10 mL) was added
HATU (114 mg, 0.3 mmol), triethylamine (100 ul) and
2-aminopropan-1-ol (220 mg, Aldrich). The resulting solu-
tion was stirred at room temperature for 3 h and then purified
by preparative HPLC to afford 9-benzyloxy-6-ethyl-N-(2-
hydroxy-1-methyl-ethyl)-10-methoxy-2-0x0-6,7- dihyd-
robenzo[a]quinolizine-3-carboxamide (1.5 mg). "HNMR
(400 MHz, MeOD): 08.67 (s, 1H), 7.50 (m, 6H), 7.14 (s,
1H), 7.06 (s, 1H), 5.21 (s, 2H), 4.47 (m, 1H), 4.18 (m, 1H),
3.98 (s, 3H), 3.61 (m, 1H), 3.45 (m, 2H), 3.33 (im, 1H), 3.02
(d, 1H), 1.62 (m, 3H), 1.29 (m, 3H), 0.92 (t, 3H). MS obsd.
(ESI™) [(M+H)™]: 463.

Example 8: 9-benzyloxy-N-[2-(dimethylamino)-1-
methyl-ethyl]-6-ethyl-10-methoxy-2-0x0-6,7-dihyd-
robenzo[a]quinolizine-3-carboxamide

To a solution of 9-benzyloxy-6-ethyl-10-methoxy-2-0xo-

6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,
0.2 mmol, example 1, step 8) in DMF (10 mL) was added

HATU (114 mg, 0.3 mmol), triethylamine (100 ul.) and
N,N-dimethylethane-1,2-diamine (270 mg, TCI). The resul-
tant solution was stirred at room temperature for 3 h and then
purified by preparative HPLC to afford 9-benzyloxy-N-[2-
(dimethylamino)-1-methyl-ethyl]-6-ethyl-10-methoxy-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxamide (27
mg). 1PNM{ (400 MHz, MeOD): 068.65 (s, 1H), 7.40 (m,
6H), 7.08 (d, 2H), 5.22 (s, 2H), 4.49 (m, 1H), 3.96 (s, 3H),
3.85 (m, 3H), 3.42 (m, 2H), 3.33 (m, 1H), 3.02 (d, 1H), 3.01
(s, 6H), 1.60 (m, 1H), 0.92 (t, 3H). MS obsd. (ESI")
[((M+H)"]: 476.
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Example 9: 9-benzyloxy-6-ethyl-10-methoxy-2-oxo-
N-sec-butyl-6,7-dihydrobenzo|a]quinolizine-3-car-
boxamide

o

99
SN0 X

To a solution of 9-benzyloxy-6-ethyl-10-methoxy-2-0xo0-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,
0.2 mmol, example 1, step 8) n DMF (10 mL) was added
HATU (,h14 mg, 0.3 mmol), triethylamine (100 ul.) and
butan-2-amine (220 mg, Aldrich). The resultant solution was
stirred at room temperature for 3 h and then purified by
prep-HPLC to afford 9-benzyloxy-6-ethyl-10-methoxy-2-
0x0-N-sec-butyl-6,7-dihydrobenzo[a]quinolizine-3-carbox-
amide (16 mg). "HNMR (400 MHz, MeOD): 88.59 (s, 1H),
7.40 (m, 6H), 7.05 (d, 2H), 5.22 (s, 2H), 4.49 (m, 1H), 4.01
(m, 1H), 3.96 (s, 3H), 3.33 (m, 1H), 3.02 (d, 1H), 1.63 (m,
4H), 1.26 (m, 3H), 1.02 (t, 3H), 0.92 (t, 3H). MS obsd.
(ESI) [(M+H)™]: 461.

Z

X

Example 10: 9-benzyloxy-6-ethyl-10-methoxy-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carbohy-
droxamic Acid

/\‘
\/

To a solution of 9-benzyloxy-6-ethyl-10-methoxy-2-0x0-

6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,
0.2 mmol, example 1, step 8) n DMF (10 mL) was added
HATU (114 mg, 0.3 mmol), triethylamine (100 ul.) and
hydroxylamine hydrochloride (210 mg, Sinopharm Chemi-
cal reagent Co., Ltd). The resultant solution was stirred at
room temperature for 3 h. The final product was purified by
prep-HPLC to aflord 9-benzyloxy-6-¢thyl-10-methoxy-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carbohydroxamic
acid (6 mg). "HNMR (400 MHz, MeOD): 88.59 (s, 2H),
7.40 (m, 6H), 7.04 (d, 2H), 5.21 (s, 2H), 4.60 (m, 1H), 4.49
(m, 1H), 3.96 (s, 3H), 3.33 (m, 1H), 3.03 (d, 1H), 1.59 (m,
2H), 0.89 (t, 3H). MS obsd. (ESI™) [(M+H)"]: 421.
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Example 11: 9-benzyloxy-N-|2-(dimethylamino)-1-
methyl-ethyl]-6-ethyl-10-methoxy-2-0x0-6,7-dihyd-
robenzo[a]quinolizine-3-carboxamide

|
N*/N\
H

To a solution of 9-benzyloxy-6-¢thyl-10-methoxy-2-0xo-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,
0.2 mmol, example 1, step 8) in DMF (10 mL, 0.2 mmol)
was added HATU (114 mg, 0.3 mmol), triethylamine (100
ulL) and NI1,N1-dimethylpropane-1,2-diamine (306 mg,
Sigma Chemical). The resultant solution was stirred at room
temperature for 3 h and then purified by prep-HPLC to
aflord 9-benzyloxy-N-[2-(dimethylamino)-1-methyl-ethyl]-
6-cthyl-10-methoxy-2-0x0-6,7-dihydrobenzo[a]quinoliz-
ine-3-carboxamide (22 mg). 'HNMR (400 MHz, CDCI3):
08.47 (s, 1H), 7.41 (m, SH), 7.21 (s, 1H), 6.97 (s, 1H), 6.78
(s, 1H), 5.21 (s, 2H), 4.31 (m, 1H), 4.19 (m, 1H), 3.96 (s,
3H), 3.33 (m, 1H), 3.03 (d, 1H), 2.81 (d, 2H), 2.53 (m, 1H),
2.20 (s, 6H), 1.62 (m, 1H), 1.31 (m, 3H), 0.89 (t, 3H). MS
obsd. (ESI™) [(M+H)"]: 490.

Example 12: 9-benzyloxy-6-ethyl-10-methoxy-N-

(2-methoxyethyl)-2-0x0-6,7-dihydrobenzo[a]quino-
l1zine-3-carboxamide
O O
8 E/\/O\
A7 \
O

To a solution of 9-benzyloxy-6-ethyl-10-methoxy-2-0xo-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (81 mg,
0.2 mmol, example 1, step 8) imn DMF (10 mL) was added
HATU (,L14 mg, 0.3 mmol), triecthylamine (100 ul) and
2-methoxyethanamine (215 mg, TCI). The resulting solution
was stirred at room temperature for 3 h and then purified by
prep-HPLC without work-up to afford 9-benzyloxy-6-ethyl-
10-methoxy-N-(2-methoxy-ethyl)-2-0x0-6,7-dihydrobenzo
[a]quinolizine-3-carboxamide (17 mg). "HNMR (400 MHz,
CDCI3): 08.48 (s, 1H), 7.26 (m, 6H), 7.22 (s, 1H), 6.96 (s,
1H), 6.76 (s, 1H), 5.21 (s, 2H), 4.19 (m, 1H), 3.96 (s, 3H),
3.68 (m, 4H), 3.43 (s, 3H), 3.30 (m, 1H), 2.81 (d, 1H), 1.56
(m, 1H), 0.89 (t, 3H). MS obsd. (ESI") [M+H)"]: 463.
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Example 13: 4-[6-ethyl-10-methoxy-9-(3-methoxy-
propoxy )-2-o0xo0-6,7-dihydrobenzo[a]quinolizine-3-
carbonyl|morpholine-2-carboxylic Acid

Step 1: Preparation of ethyl 6-ethyl-9-hydroxy-10-
methoxy-2-0x0-6,7-dihydrobenzo[ a]quinolizine-3-

carboxylate
O O
‘)J\‘)J\O/\
P Ny

HO

A mixture of ethyl-9-benzyloxy-6-ethyl-10-methoxy-2-
0x0-6,7-dihydrobenzo|a]quinolizine-3-carboxylate (4.3 g,
example 1, step 7) and 10% palladium on carbon (300 mg)
in THE/MeOH (1/1, 40 mL) was stirred under a balloon of
hydrogen atmosphere for 12 h. The mixture was filtered
through celite, and the f{iltrate was concentrated under
reduced pressure to afford ethyl 6-ethyl-9-hydroxy-10-
methoxy-2-0x0-6,7-dihydrobenzo[ a]quinolizine-3-carboxy-
late (4.0 g).

Step 2 Preparation of ethyl 6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzola]
quinolizine-3-carboxylate

Y ~
\O/\/\O

To a solution of ethyl 6-ethyl-9-hydroxy-10-methoxy-2-
0x0-6,7-dihydrobenzo|a]quinolizine-3-carboxylate (3.4 g,
10 mmol) in DMF (30 mL) was added potassium carbonate
(2.76 g, 20 mmol) and 1-bromo-3-methoxy-propane (3.04 g,
20 mmol, TCI). The resultant mixture was stirred at room
temperature for 12 h and then poured into water (50 mL).
The aqueous solution was extracted with EtOAc (50 mLx2).
The organic layers were combined and washed with brine,
dried over anhydrous Na,SO,, and concentrated under
reduced pressure to give crude ethyl-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinoliz-
ine-3-carboxylate (3.92 g).
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Step 3: Preparation of 6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quino-
l1izine-3-carboxylic Acid

O

O
AN,
/Oji“\/‘/\}/‘
o TN TN Y \/]\/

To a solution of ethyl-6-ethyl-10-methoxy-9-(3-methoxy-
propoxy )-2-oxo-6,7-dihydrobenzo[ a]Jquinolizine-3-car-
boxylate (2 g, 5 mmol) in THF (50 mL), was added 10%

NaOH aqueous solution drop wise at rt. The resultant
mixture was stirred for 2 h, and then acidified to pH=1-2
with 2M hydrochloric acid. The mixture was extracted with
DCM (200 mLx2), and the combined organic layers were
washed with brine, dried over anhydrous Na,SO, and con-
centrated to aflord 6-ethyl-10-methoxy-9-(3-methoxy-
propoxy )-2-o0xo-6,7-dihydrobenzo[a]quinolizine-3-carbox-
ylic acid (1.8 g).

Step 4: Preparation of methyl 4-]6-ethyl-10-
methoxy-9-(3-methoxypropoxy)-2-ox0-6,7-dihyd-
robenzo[a]quinolizine-3-carbonyl|morpholine-2-

carboxylate
O O O
~ A
~Y ‘ N ‘ k/o
N TN TN

To a solution of 6-ethyl-10-methoxy-9-(3-methoxy-
propoxy )-2-o0xo0-6,7-dihydrobenzo[a]quinolizine-3-carbox-
ylic acid (387 mg, 1 mmol) in DMF (10 mL) was added
HATU (760 mg, 2 mmol), tricthylamine (1 mL) and methyl
morpholine-3-carboxylate (290 mg). The resulting solution
was stirred at room temperature for 3 h. The mixture was
extracted with DCM (30 mLx2). The combined organic
layers were washed with brine, and concentrated to give a
brown o1l which was used to next step without purification.

Step 5: Preparation of 4-[6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quino-
lizine-3-carbonyl|morpholine-3-carboxylic Acid

To a solution of crude methyl 4-[6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinoliz-
ine-3-carbonyl|morpholine-2-carboxylate (514 mg) in THF
(15 mL) was added 10% NaOH aqueous solution drop wise
at rt. The resultant mixture was stirred for 2 h, and then
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acidified to pH=1-2 with 2M hydrochloric acid. The mixture
was extracted with DCM (20 mLx3), and the combined
organic layers were concentrated to give brown solid which
was purified with prep-HPLC to afford 4-[6-ethyl-10-
methoxy-9-(3-methoxypropoxy)-2-oxo-6,7-dihydrobenzo
|a]quinolizine-3-carbonyl|morpholine-3-carboxylic acid (7
mg). 'H NMR (400 MHz, MeOD): 88.11 (s, 1H), 7.39 (s,
1H), 6.98 (d, 2H), 4.32 (m, 2H), 4.21 (m, 3H), 3.94 (mm, 3H),
3.86 (m, 2H), 3.63 (m, 6H), 3.33 (s, 3H), 3.02 (m, 1H), 2.11
(m, 2H), 1.59 (m, 2H), 0.92 (t, 3H). MS obsd. (ESI")
[(M+H)"]: 501.

Example 14: 6-cthyl-10-methoxy-9-(3-methoxy-
propoxy )-2-oxo-N-(1H-tetrazol-5-y1)-6.7-dihyd-
robenzo[a]quinolizine-3-carboxamide

O O HN""'N\
\
N
/l{"‘ /
N N
i ]
/ N
\O/\/\O

To a solution of 6-ethyl-10-methoxy-9-(3-methoxy-
propoxy)-2-0xo-6,7-dihydrobenzo[a]quinolizine-3-carbox-
ylic acid (77 mg, 0.2 mmol, example 13, step 3) in DMF (10
mlL) was added HATU (114 mg, 0.3 mmol, GL Biochem),
triethylamine (100 uL., Aldrich) and 1H-tetrazol-5-amine (85
mg, Accela). The resulting solution was stirred at room
temperature for 3 h and then purified by prep-HPLC to
alford 6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-oxo-
N-(1H-tetrazol-3-y1)-6,7-dihydrobenzo[a]quinolizine-3-car-
boxamide (12 mg). '"H NMR (400 MHz, MeOD): 88.83 (s,
1H), 7.43 (m, 1H), 7.17 (s, 1H), 7.00 (s, 1H), 4.56 (m, 2H),
4.18 (m, 2H), 3.96 (s, 3H), 3.61 (t, 2H), 3.33 (m, 4H), 3.02
(d, 1H), 2.11 (m, 2H), 1.65 (m, 2H), 0.92 (t, 3H). MS obsd.
(ESI™) [M+H)™]: 455.

Example 15: N-benzyl-6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quino-
lizine-3-carboxamide

.
o0
Y .
NN

To a solution of 6-ethyl-10-methoxy-9-(3-methoxy-
propoxy )-2-oxo0-6,7-dihydrobenzo| a]quinolizine-3-carbox-
ylic acid (77 mg, 0.2 mmol, example 13, step 3) in DMF (10
ml.) was added HATU (114 mg, 0.3 mmol), triethylamine
(100 uL) and benzylamine (107 mg). The resulting solution
was stirred at room temperature for 3 h and then purified by
prep-HPLC to afford N-benzyl-6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-o0xo0-6,7-dihydrobenzo[a]quinolizine-
3-carboxamide (16 mg). '"HNMR (400 MHz, MeOD): 88.64
(s, 1H), 7.35 (m, 7H), 6.99 (s, 1H), 4.65 (m, 1H), 4.50 (m,
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2H), 4.18 (m, 2H), 3.96 (s, 3H), 3.61 (t, 2H), 3.33 (m, 4H),
3.02 (d, 1H), 2.11 (m, 2H), 1.65 (m, 2H), 0.92 (t, 3H). MS
obsd. (ESI*) [(M+H)*]: 477.

Example 16: 6-ethyl-10-methoxy-N-(2-methoxy-1-
methyl-ethyl)-9-(3-methoxypropoxy)-2-0x0-6,7/-
dihydrobenzo[a]quinolizine-3-carboxamide

O
NJ\/O\
H

\O/\/\O

To a solution of 6-ethyl-10-methoxy-9-(3-methoxy-
propoxy )-2-o0xo0-6,7-dihydrobenzo[a]quinolizine-3-carbox-
ylic acid (77 mg, 0.2 mmol, example 13, step 3) in DMF (10
ml.) was added HATU (114 mg, 0.3 mmol), triethylamine
(100 uL) and 1-methoxypropan-2-amine (50 mg). The
resulting solution was stirred at room temperature for 3 h
and then purified by prep-HPLC to afiord 6-ethyl-10-
methoxy-N-(2-methoxy-1-methyl-ethyl)-9-(3-methoxy-
propoxy )-2-0xo0-6,7-dihydrobenzo[a]quinolizine-3-carbox-
amide (21 mg). "H NMR (400 MHz, MeOD): 88.66 (s, 1H),
7.40 (s, 1H), 7.12 (s, 1H), 7.00 (s, 1H), 4.52 (m, 1H), 4.30
(m, 1H), 4.19 (m, 2H), 3.96 (s, 3H), 3.61 (t, 2H), 3.37 (m,
2H), 3.35 (m, 2H), 3.33 (m, 6H), 3.02 (d, 1H), 2.11 (m, 2H),
1.62 (m, 2H), 1.28 (m, 2H), 0.92 (t, 3H). MS obsd. (ESI™)
[M+H)™]: 459.

Example 17: 9-ethoxy-6-ethyl-10-methoxy-N-(2-
methoxy-1-methyl-ethyl)-2-0x0-6,7-dihydrobenzo| a]
quinolizine-3-carboxamide

NG N

/\O/\/‘\)\/

Step 1: Preparation of ethyl 9-ethoxy-6-ethyl-10-
methoxy-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-
carboxylate

\
/

SONAN ‘\N/‘
N

N \/‘\)\/

10

15

20

25

30

35

40

45

50

55

60

65

32

To a solution of ethyl 6-ethyl-9-hydroxy-10-methoxy-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxylate (170
mg, 0.5 mmol) m DMF (10 mL) was added potassium
carbonate (138 mg, 1 mmol) and 1-bromethane (214 mg, 2
mmol). The resultant mixture was stirred at room tempera-
ture for 12 h. The mixture was poured into water (20 mL)
and the aqueous solution was extracted with EtOAc (20
ml.x2). The organic layers were combined and washed with
brine, dried over anhydrous Na,SO,,, and concentrated under
reduced pressure to give crude ethyl 9-ethoxy-6-ethyl-10-
methoxy-2-0x0-6,7-dihydrobenzo[ a]quinolizine-3-carboxy-
late (180 mg)

Step 2: Preparation of 9-ethoxy-6-ethyl-10-
methoxy-2-0x0-6,7-dihydrobenzo[ a]quinolizine-3-
carboxylic Acid

To a solution of 9-ethoxy-6-ethyl-10-methoxy-2-0x0-6,7-
dihydrobenzo[a]quinolizine-3-carboxylic acid (180 mg) 1n
THF (10 mL) was added 10% NaOH aqueous solution drop
wise at rt. The resultant mixture was stirred for 2 h, and then
acidified to pH=1-2 with 2M hydrochloric acid. The mixture
was extracted with DCM (20 mLx2), and the combined
organic layers were washed with brine, dried over anhydrous
Na,SO, and concentrated to give a light yellow solid, to
afford 9-cthoxy-6-ethyl-10-methoxy-2-0x0-6,7-dihyd-
robenzo[a]quinolizine-3-carboxylic acid (142 mg).

Step 3: Preparation of 9-ethoxy-6-ethyl-10-
methoxy-N-(2-methoxy-1-methyl-ethyl)-2-0x0-6,7-
dihydrobenzo[a]quinolizine-3-carboxamide

PN

/O\/\‘

=z
/\O/\/

To a solution of 9-ethoxy-6-ethyl-10-methoxy-2-0x0-6,7-
dihydrobenzo|a|quinolizine-3-carboxylic (140 mg, 0.41
mmol) in DMF (10 mL) was added HATU (300 mg, 0.79
mmol), triethylamine (100 pl) and 1-methoxypropan-2-
amine (150 mg). The resulting solution was stirred at room
temperature for 3 h and then purified by prep-HPLC to
afford 9-cthoxy-6-ethyl-10-methoxy-N-(2-methoxy-1-
methyl-ethyl)-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-car-
boxamide (33 mg). 'HNMR (400 MHz, MeOD): 88.59 (s,
1H), 7.38 (s, 1H), 7.03 (s, 2H), 4.60 (m, 2H), 4.47 (m, 2H),
3.95 (s, 3H), 3.42 (m, 3H), 3.29 (m, 1H), 3.01 (d, 1H), 2.05
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(s, 2H), 1.62 (m, 2H), 1.47 (t, 2H), 1.29 (m, 2H), 0.92 (t.
3H), 0.86 (t, 2H). MS obsd. (ESI*) [(M+H)*]: 415.

Example 18: 6-ethyl-9-1sobutoxy-10-methoxy-N-(2-
methoxy-1-methyl-ethyl)-2-0x0-6,7-dihydrobenzo[ a]
quinolizine-3-carboxamide

Step 1: Preparation of ethyl 6-ethyl-9-1sobutoxy-10-
methoxy-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-
carboxylate

0

To a solution of ethyl 6-ethyl-9-hydroxy-10-methoxy-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxylate (170
mg, 0.5 mmol) mm DMF (10 mL) was added potassium
carbonate (138 mg, 1 mmol) and 1-bromo-2-methyl-propane
(270 mg, 2 mmol, TCI). The resultant mixture was stirred at
room temperature for 12 h. The mixture was poured into
water (20 mL) and the aqueous solution was extracted with
EtOAc (20 mLx2). The organic layers were combined and
washed with brine, dried over anhydrous Na,SO,, and
concentrated under reduced pressure to give crude 6-ethyl-
9-1sobutoxy-10-methoxy-N-(2-methoxy-1-methyl-ethyl)-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxamide (192

mg)

Step 2: Preparation of 6-ethyl-9-1sobutoxy-10-
methoxy-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-
carboxylic Acid

OH
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To a solution of 6-ethyl-9-1sobutoxy-10-methoxy-N-(2-
methoxy-1-methyl-ethyl)-2-0x0-6,7-dihydrobenzo[a]quino-
lizine-3-carboxamide (192 mg) in THF (10 mL) was added
10% NaOH aqueous solution drop wise at rt. The resultant
mixture was stirred for 2 h, and then acidified to pH=1-2
with 2M hydrochloric acid. The mixture was extracted with
DCM (20 mLx2), and the combined organic layers were
washed with brine, dried over anhydrous Na,SO, and con-
centrated to afford 6-ethyl-9-1sobutoxy-10-methoxy-2-o0x0-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (132
mg).

Step 3: Preparation of 6-ethyl-9-1sobutoxy-10-
methoxy-N-(2-methoxy-1-methyl-ethyl)-2-0x0-6,7-
dihydrobenzo[a]quinolizine-3-carboxamide

7N

T

To a solution of 6-ethyl-9-1sobutoxy-10-methoxy-2-0xo0-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (132 mg,
0.36 mmol) 1n DMF (10 mL) was added HATU (300 mg,
0.79 mmol), triethylamine (100 ulL) and 1-methoxypropan-
2-amine (150 mg). The resulting solution was stirred at room
temperature for 3 h and then purified by prep-HPLC to
afford  6-ethyl-9-1sobutoxy-10-methoxy-N-(2-methoxy-1-
methyl-ethyl)-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-car-
boxamide (28 mg). 'HNMR (400 MHz, MeOD): 88.60 (s,
1H), 7.35 (s, 1H), 7.06 (s, 1H), 6.97 (s, 1H), 4.47 (m, 1H),
4.28 (m, 1H), 3.97 (s, 3H), 3.84 (m, 2H), 3.45 (m, 2H), 3.39
(s, 3H), 3.01 (d, 1H), 2.15 (s, 1H), 1.62 (m, 2H), 1.29 (m,
3H), 0.92 (d, 2H), 0.88 (t, 3H). MS obsd. (ESI™) [(M+H)™]:
443,

Example 19: 9-(cyclopropylmethoxy)-6-ethyl-10-
methoxy-N-(2-methoxy-1-methyl-ethyl)-2-0x0-6,7-

dihydrobenzo[a]quinolizine-3-carboxamide

O O
J e
SONAN N

O/\/‘\)\/

)—
e
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Step 1: Preparation of ethyl 9-(cyclopropyl-
methoxy)-6-ethyl-10-methoxy-2-0x0-6,7-dihyd-
robenzo[a]quinolizine-3-carboxylate

To a solution of ethyl 6-ethyl-9-hydroxy-10-methoxy-2-
(170
mg, 0.5 mmol) m DMF (10 mL) was added potassium

0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxylate

carbonate (138 mg, 1 mmol) and bromomethylcyclopropane
(260 mg, 2 mmol, J&K). The resultant mixture was stirred
at room temperature for 12 h. The mixture was poured 1nto
water (20 mL) and the aqueous solution was extracted with
EtOAc (20 mLx2). The organic layers were combined and
washed with brine, dried over anhydrous Na,SO,, and
concentrated under reduced pressure to give crude ethyl
9-(cyclopropylmethoxy)-6-ethyl-10-methoxy-2-0x0-6,7-di-
hydrobenzo[a]quinolizine-3-carboxylate (194 mg).

Step 2: Preparation of 9-(cyclopropylmethoxy)-6-
cthyl-10-methoxy-2-0x0-6,7-dihydrobenzo[a]quino-
l1izine-3-carboxylic Acid

]
ONAN N

~ ]
v/\o/\/\)\/

To a solution of ethyl 9-(cyclopropylmethoxy)-6-ethyl-
10-methoxy-2-0x0-6,7-dihydrobenzo|a]quinolizine-3-car-
boxylate (194 mg) in THF (10 mL) was added 10% NaOH
aqueous solution drop wise at rt. The resultant mixture was

stirred for 2 h, and then acidified to pH=1-2 with 2M
hydrochloric acid. The mixture was extracted with DCM (20
ml.x2), and the combined organic layers were washed with
brine, dried over anhydrous Na,SO, and concentrated to

afford 9-(cyclopropylmethoxy)-6-ethyl-10-methoxy-2-ox0-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic (122
mg).
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Step 3: Preparation of 9-(cyclopropylmethoxy)-6-

cthyl-10-methoxy-N-(2-methoxy-1-methyl-ethyl)-2-
0x0-6,7-dihydrobenzo|a]quinolizine-3-carboxamide

O O
J
SONAN N

"]
v/\o/\/\)\/

)—
e

To a solution of 9-(cyclopropylmethoxy)-6-ethyl-10-
methoxy-2-0x0-6,7-dihydrobenzo[ a]quinolizine-3-carbox-
ylic acid (122 mg, 0.33 mmol) in DMF (10 mL) was added
HATU (300 mg, 0.79 mmol), tricthylamine (100 puL) and
1 -methoxypropan-2-amine (150 mg). The resulting solution
was stirred at room temperature for 3 h and then purified by
prep-HPLC to aflord 9-(cyclopropylmethoxy)-6-ethyl-10-
methoxy-N-(2-methoxy-1-methyl-ethyl)-2-0x0-6,7-dihyd-
robenzo[a]quinolizine-3-carboxamide (19 mg). 'HNMR
(400 MHz, MeOD): 68.61 (s, 1H), 7.39 (s, 1H), 7.06 (s, 1H),
6.95 (s, 1H), 4.47 (m, 1H), 4.28 (m, 1H), 3.98 (s, 3H), 3.45
(m, 2H), 3.40 (s, 3H), 3.02 (d, 1H), 1.62 (m, 2H), 1.29 (m,
3H), 0.92 (t, 3H), 0.66 (m, 2H), 0.41 (m, 2H). MS obsd.
(ESIT) [(M+H)™]: 441.

Example 20: 6-cthyl-3-(hydroxymethyl)-10-
methoxy-9-(3-methoxy-propoxy)-6,7-dihydrobenzo
[a]quinolizin-2-one

O
‘)'H/\OH
SIONAN N

=
\
~ O/\/\O/\/\)\/

To a solution of ethyl-6-ethyl-10-methoxy-9-(3-methoxy-
propoxy )-2-oxo-6,7-dihydrobenzo[ a]Jquinolizine-3-car-
boxylate (3.92 g, 9.4 mmol) in THF (30 mL) was added 1M
DIBAL-H solution 1n toluene (20 mL, 20 mmol, Aldrich).
The resultant mixture was stirred at room temperature for 2
h. The reaction was quenched with methanol and acidified
with 1M aqueous HCI (10 mL). The aqueous solution was
extracted with ethyl acetate (2x30 mL). The organic layers
were combined and washed with brine, dried over anhy-
drous Na,SO, and filtered. The filtrate was concentrated to
gIve 6-ethyl-3-(hydroxymethyl)-10-methoxy-9-(3-
methoxy-propoxy)-6,7-dihydrobenzo[a]quinolizin-2-one
(2.8 g). '"H NMR (400 MHz, MeOD): 7.58 (s, 1H), 7.33 (s,
1H), 6.95 (d, 2H), 4.25 (m, 1H), 4.17 (m, 2H), 3.94 (s, 3H),
3.60 (t, 3H), 3.33 (m, 4H), 3.01 (d, 1H), 2.11 (s, 2H), 1.56
(m, 3H), 0.98 (t, 3H). MS obsd. (ESI") [M+H)"]: 374.
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Example 21: 4-[[6-ethyl-10-methoxy-9-(3-methoxy-
Propoxy)-2-oxo-6,7-dihydrobenzo[ a]quinolizin-3-yl]
methyl]morpholine-3-carboxylic Acid

0 OH °
O
U
O PN
-~ N
\O/\/\O
15
Step 1: Preparation of 3-(chloromethyl)-6-ethyl-10-
methoxy-9-(3-methoxypropoxy)-6,7-dihydrobenzo
[a]quinolizin-2-one
O 20
‘ ‘ Cl
O
~ \/\‘/\N .
o NN \/\)\/
To a solution of 6-ethyl-3-(hydroxymethyl)-10-methoxy-
9-(3-methoxy-propoxy)-6,7-dihydrobenzo[a]quinolizin-2- 5,

one (2.8 g) i dichloromethane (30 mL) was added thionyl
chloride (5 mL) at room temperature for 3 h. The mixture
was concentrated 1n vacuo to give 3-(chloromethyl)-6-ethyl-
10-methoxy-9-(3-methoxypropoxy)-6,7-dihydrobenzola]

quinolizin-2-one as a brown o1l which was used 1n next step 35
without purification.
Step 2: Preparation of methyl 4-[[6-ethyl-10-
methoxy-9-(3-methoxypropoxy)-2-0x0-6,7-dihyd-
robenzo[a]quinolizin-3-yl|jmethylmorpholine-3- 40
carboxylate
45
O O
O I
N
] 4
O O
- N
\O/\/\O
55

To a solution of 3-(chloromethyl)-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-6,7-dihydrobenzo[a]quinolizin-2-one
(78 mg) 1 dichloromethane (10 mL) was added methyl
morpholine-3-carboxylate (43 mg) and triethylamine (150
ul). The resulting solution was stirred at room temperature
overnight and then quenched with water (20 mL). The
aqueous solution was extracted with dichloromethane (2x15
mlL.). The organic layers were combined and concentrated to
gIve methyl 4-[[6-ethyl-10-methoxy-9-(3-methoxy-
pPropoxy )-2-o0xo-6,7-dihydrobenzo| a]Jquinolizin-3-yl]
methyl|morpholine-3-carboxylate (100 mg).
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Step 3: Preparation of 4-[[6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-0x0-6,7-dihydrobenzo[ a]quino-
l1zin-3-ylmethyl]morpholine-3-carboxylic Acid

0 OH
0
N
SULAS
-~ N
\O/\/\O

To a solution of crude methyl 4-[[6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinolizin-
3-yllmethyl jmorpholine-3-carboxylate (100 mg) in THF (10
ml.) was added 10% NaOH aqueous solution drop wise at rt.
The resultant mixture was stirred for 2 h, and then acidified
to pH=1-2 with 2M hydrochloric acid. The mixture was
extracted with DCM (20 mLx2), and the combined organic
layers were washed with brine, dried over anhydrous
Na,SO, and concentrated. The residue was purified by
prep-HPLC to aflord 4-[[6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-0xo0-6,7-dihydrobenzo[a]quinolizin-3-
yl]methyl]morpholine-3-carboxylic acid (7 mg). '"H NMR
(400 MHz, MeOD): 068.12 (d, 1H), 7.38 (s, 1H), 6.98 (d,
2H), 4.35 (m, 2H), 4.19 (m, 4H), 3.95 (m, 3H), 3.86 (m, 2H),
3.74 (m, 2H), 3.63 (m, 3H), 3.43 (m, 1H), 3.33 (m, 3H), 3.05
(m, 2H), 2.11 (m, 2H), 1.62 (m, 2H), 0.92 (t, 3H). MS obsd.
(EST™) [(M+H)™]: 487.

Example 22: 1-[[6-ethyl-10-methoxy-9-(3-methoxy-
pPropoxy)-2-oxo-6,7-dihydrobenzo[a]quinolizin-3-yl]
methyl|piperidine-2-carboxylic Acid

O OH
O
N
- N
\O/\/\O

Step 1: Preparation of methyl 1-[[6-ethyl-10-
methoxy-9-(3-methoxypropoxy)-2-0x0-6,7-dihyd-
robenzo[a]quinolizin-3-yl jmethyl]piperidine-2-car-

boxylate

O O
O
N
- N
\O/\/\O
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To a solution of 3-(chloromethyl)-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-6,7-dihydrobenzola]quinolizin-2-one
(78 mg) in dichloromethane (10 mL) was methyl piperidine-
2-carboxylate (42 mg) and triethylamine (150 uL). The
resulting solution was stirred at room temperature overnight
and then quenched with water (20 mL). The aqueous solu-
tion was extracted with dichloromethane (2x15 mL). The
organic layers were combined and concentrated to give
methyl  1-[[6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-
0x0-6,7-dihydrobenzo[a]quinolizin-3-yljmethyl]piperidine-
2-carboxylate (98 mg).

Step 2: Preparation of 1-[[6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-0x0-6,7-dihydrobenzo[ a]quino-
l1zin-3-yl]|methyl|piperidine-2-carboxylic Acid

0 OH
0
N
- N
\O/\/\O

To a solution of crude methyl 4-[[6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinolizin-
3-yl]methyl]piperidine-3-carboxylate (98 mg) in THF (10
ml.) was added 10% NaOH aqueous solution drop wise at rt.
The resultant mixture was stirred for 2 h, and then acidified
to pH=1-2 with 2M hydrochloric acid. The mixture was
extracted with DCM (20 mLx2), and the combined organic
layers were washed with brine, dried over anhydrous
Na,SO, and concentrated to give an o1l which was purified
by prep-HPLC to aflord 4-[[6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinolizin-3-
yllmethyl]piperidine-3-carboxylic acid (5 mg). "H NMR
(400 MHz, MeOD): ¢ 8.11 (s, 1H), 7.35 (s, 1H), 6.95 (d,
2H), 4.36 (m, 3H), 4.19 (m, 2H), 3.95 (s, 3H), 3.63 (m, 4H),
3.33 (m, 3H), 3.10 (m, 2H), 2.11 (m, 3H), 1.97 (m, 4H), 1.62
(m, 4H), 0.92 (t, 3H). MS obsd. (ESI") [(M+H)™]: 485.

Example 23: 1-[[6-ethyl-10-methoxy-9-(3-methoxy-
propoxy)-2-0xo-6,7-dihydrobenzo[a|quinolizin-3-yl]
methyl]pyrrolidine-2-carboxylic Acid
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Step 1: Preparation of methyl 1-[[6-ethyl-10-
methoxy-9-(3-methoxypropoxy)-2-0x0-6,7-dihyd-
robenzo[a]quinolizin-3-yl|methyl]pyrrolidine-2-
carboxylate

0

To a solution of 3-(chloromethyl)-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-6,7-dihydrobenzo|a]quinolizin-2-one
(78 mg) 1n dichloromethane (10 mL) was added methyl
pyrrolidine-2-carboxylate (38 mg) and triethylamine (150
uL). The resulting solution was stirred at room temperature
overnight and then quenched with water (20 mL). The
aqueous solution was extracted with dichloromethane (2x15
ml.). The organic layers were combined and concentrated to
gIve methyl 1-[[6-ethyl-10-methoxy-9-(3-methoxy-
propoxy)-2-0xo-6,7-dihydrobenzo| a|quinolizin-3-yl]
methyl [pyrrolidine-2-carboxylate (97 mg).

Step 2: Preparation of 1-[[6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-0xo0-6,7-dihydrobenzo[a]quino-
lizin-3-yl|methyl]pyrrolidine-2-carboxylic Acid

o

To a solution of crude methyl 1-[[6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinolizin-
3-yllmethyl|pyrrolidine-2-carboxylate (97 mg) in THF (10
ml.) was added 10% NaOH aqueous solution drop wise at rt.
The resultant mixture was stirred for 2 h, and then acidified
to pH=1-2 with 2M hydrochloric acid. The mixture was
extracted with DCM (20 mLx2), and the combined organic
layers were washed with brine, dried over anhydrous
Na,SO, and concentrated to give an o1l which was purified
by prep-HPLC to aflord 1-[[6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinolizin-3-
yllmethyl]pyrrolidine-2-carboxylic acid (14 mg). '"H NMR
(400 MHz, MeOD): 68.10 (s, 1H), 7.34 (s, 1H), 6.93 (d, 2H),
4.31 (m, SH), 4.16 (m, 1H), 3.94 (s, 3H), 3.75 (m, 1H), 3.61
(t, 2H), 3.33 (m, 3H), 3.03 (m, 2H), 2.45 (m, 1H), 2.24 (m,
1H), 2.11 (s, 3H), 1.97 (m, 1H), 1.58 (m, 2H), 0.92 (t, 3H).
MS obsd. (ESI™) [M+H)"]: 471.
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Example 24: 6-ethyl-10-methoxy-9-(3-methoxy-
propoxy)-3-(1-piperidylmethyl)-6,7-dihydrobenzola]
quinolizin-2-one

O

)J\/\N/\
o

PN ‘\N/‘

N NN X ‘

\

To a solution of 3-(chloromethyl)-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-6,7-dihydrobenzo|a]quinolizin-2-one
(78 mg) in dichloromethane (10 mL) was added piperidine
(30 mg) and triethylamine (150 ul.). The resulting solution
was stirred at room temperature overnight and then
quenched with water (20 mL). The aqueous solution was
extracted with dichloromethane (2x15 mL). The organic
layers were combined and concentrated to give an o1l which
was purified by prep-HPLC to aflord 6-ethyl-10-methoxy-
9-(3-methoxypropoxy)-3-(1-piperidylmethyl)-6,7-dihyd-
robenzo[a]quinolizin-2-one (25 mg). '"H NMR (400 MHz,
MeOD): 6 7.90 (s, 1H), 7.36 (s, 1H), 6.95 (s, 1H), 6.89 (s,
1H), 4.34 (m, 1H), 4.17 (m, 2H), 3.94 (s, 3H), 3.59 (m, 2H),
3.49 (m, 2H), 3.33 (m, 3H), 3.02 (d, 1H), 2.55 (m, 4H), 2.09
(m, 2H), 1.64 (m, 9H), 0.92 (t, 3H). MS obsd. (ESI")
[((M+H)"]: 441.

Example 25: 6-ethyl-10-methoxy-9-(3-methoxy-
propoxy)-3-(pyrrolidin-1-ylmethyl)-6,7-dihyd-
robenzo[a]quinolizin-2-one

e,
e
o NN

To a solution of 3-(chloromethyl)-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-6,7-dihydrobenzo|a]quinolizin-2-one
(78 mg) in dichloromethane (10 mL) was added pyrrolidine
(28 mg) and triethylamine (150 ul.). The resulting solution
was stirred at room temperature overnight and then
quenched with water (20 mL). The aqueous solution was
extracted with dichloromethane (2x15 mlL). The organic
layers were combined and concentrated to give an o1l which
was purified by prep-HPLC to aflord 6-ethyl-10-methoxy-
9-(3-methoxypropoxy)-3-(pyrrolidin-1-ylmethyl)-6,7-dihy-
drobenzo[a]quinolizin-2-one (26 mg). 'H NMR (400 MHz,
MeOD): ¢ 7.89 (s, 1H), 7.36 (s, 1H), 6.96 (s, 1H), 6.91 (s,
1H), 4.34 (m, 1H), 4.18 (m, 2H), 3.94 (s, 3H), 3.63 (m, 4H),
3.33 (s,3H), 3.02 (d, 1H), 2.72 (m, 4H), 2.09 (m, 2H), 1.88
(m, 4H), 1.64 (m, 2H), 0.97 (t, 3H). MS obsd. (ESI")
[((M+H)"]: 427.
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Example 26: 6-ethyl-10-methoxy-9-(3-methoxy-
propoxy )-3-(morpholinomethyl)-6,7-dihydrobenzo
[a]quinolizin-2-one

To a solution of 3-(chloromethyl)-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-6,7-dihydrobenzo|a]quinolizin-2-one
(78 mg) 1n dichloromethane (10 mL) was added morpholine
(32 mg) and triethylamine (150 uL). The resulting solution
was stirred at room temperature overnight and then
quenched with water (20 mL). The aqueous solution was
extracted with dichloromethane (2x15 mL). The organic
layers were combined and concentrated to give an o1l which
was purified by prep-HPLC to afford 6-ethyl-10-methoxy-
9-(3-methoxypropoxy)-3-(morpholinomethyl)-6,7-dihyd-
robenzo[a]quinolizin-2-one (25 mg). '"H NMR (400 MHz,
MeOD): 6 7.91 (s, 1H), 7.36 (m, 1H), 6.94 (d, 2H), 4.36 (m,
1H), 4.17 (m, 2H), 3.94 (s, 3H), 3.74 (m, 4H) 3.61 (t, 2H),
3.42 (m, 2H), 3.33 (m, 4H), 3.02 (d, 1H), 2.56 (m, 4H), 2.11
(m, 2H), 1.65 (m, 2H), 0.92 (t, 3H). MS obsd. (ESI")
[((M+H)"]: 443.

Example 27: 6-ethyl-10-methoxy-9-(3-methoxy-
propoxy)-3-(methylaminomethyl)-6,7-dihydrobenzo
[a]quinolizin-2-one

O
\)K\/\
ON AN N

7
\
N 0/\/\0/\/\)\/

To a solution of 3-(chloromethyl)-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-6,7-dihydrobenzo|a]quinolizin-2-one
(78 mg) 1n dichloromethane (10 mL) was added methylam-
ine hydrochlonide (67 mg) and triethylamine (150 uL). The
resulting solution was stirred at room temperature overnight
and then quenched with water (20 mL). The aqueous solu-
tion was extracted with dichloromethane (2x15 mlL). The
organic layers were combined and concentrated to give an
o1l which was purified by prep-HPLC to aflord 6-ethyl-10-
methoxy-9-(3-methoxypropoxy)-3-(methylaminomethyl )-6,
7-dihydrobenzo[a]quinolizin-2-one (5.3 mg). '"H NMR (400
MHz, MeOD): 6 7.92 (s, 1H), 7.37 (s, 1H), 6.95 (d, 2H),
431 (m, 1H), 4.17 (m, 2H), 3.94 (s, 3H), 3.61 (m, 4H), 3.74
(s, 2H), 3.61 (t,3H), 3.33 (m, 4H), 3.02 (d, 1H), 2.50 (s, 3H),
2.11 (m, 2H), 1.60 (m, 2H), 0.92 (t, 3H). MS obsd. (ESI™)
[(M+H)"]: 387.

2,
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Example 28: 3-[(dimethylamino)methyl]-6-ethyl-10-
methoxy-9-(3-methoxypropoxy)-6,7-dihydrobenzo
[a]quinolizin-2-one

0
)J\/\N/
SINA ‘\N/‘ ‘
NP N ‘

To a solution of 3-(chloromethyl)-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-6,7-dihydrobenzola]quinolizin-2-one
(78 mg) 1 dichloromethane (10 mL) was added N,N-
dimethylamine hydrochloride (81 mg) and triethylamine
(150 uL). The resulting solution was stirred at room tem-
perature overnight and then quenched with water (20 mL).
The aqueous solution was extracted with dichloromethane
(2x15 mL). The organic layers were combined and concen-
trated to give an o1l which was purified by prep-HPLC to
afford 3-[(dimethylamino)methyl]-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-6,7-dihydrobenzo|a]quinolizin-2-one
(12 mg). 'H NMR (400 MHz, MeOD): 8 7.93 (s, 1H), 7.38
(s, 1H), 6.95 (d, 2H), 4.33 (m, 1H), 4.19 (m, 2H), 3.94 (s,
3H), 3.61 (m, 4H), 3.33 (im, 4H), 3.02 (d, 1H), 2.84 (s, 6H),
2.11 (m, 2H), 1.63 (m, 2H), 0.92 (t, 3H). MS obsd. (ESI™)
[M+H)™]: 401.

Example 29: 6-¢thyl-10-methoxy-3-(methoxym-
cthyl)-9-(3-methoxypropoxy)-6,7-dihydrobenzola]
quinolizin-2-one

O
PN

L

IONA

N TN TN XY

To a solution of 3-(chloromethyl)-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-6,7-dihydrobenzo|a]quinolizin-2-one
(78 mg) in methanol (10 mL) was added triethylamine (1350
uL). The resulting solution was stirred at room temperature
overnight and then quenched with water (20 mL). The
aqueous solution was extracted with dichloromethane (2x15
ml.). The organic layers were combined and concentrated to

l

ord

give an o1l which was purified by prep-HPLC to af
6-cthyl-10-methoxy-3-(methoxymethyl)-9-(3-methoxy-
propoxy)-6,7-dihydrobenzo[a]quinolizin-2-one (11 mg). 'H
NMR (400 MHz, MeOD): 068.05 (s, 1H), 7.39 (s, 1H), 6.99
(d, 2H), 4.43 (m, 3H), 4.17 (m, 2H), 3.95 (s, 3H), 3.61 (t,
3H), 3.43 (s, 3H), 3.33 (s, 3H), 3.06 (d, 1H), 2.11 (m, 2H),
1.64 (m, 2H), 0.93 (t, 3H). MS obsd. (ESI") [(M+H)"]: 388.
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Example 30: 2-[[6-ethy]l-10-methoxy-9-(3-methoxy-
pPropoxy)-2-oxo-6,7-dihydrobenzo[a]quinolizin-3-yl]
methyl-methyl-amino]acetic Acid

O
OH
Y
\O/\/\O

Step 1: Preparation of methyl 2-[[6-ethyl-10-
methoxy-9-(3-methoxypropoxy)-2-0x0-6,7-dihyd-
robenzo[a]quinolizin-3-yl jmethyl-methyl-amino]

acetate

o
0 j/
N
O ‘)Jj/\‘
yd \N

\O/\/\O

To a solution of 3-(chloromethyl)-6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-6,7-dihydrobenzo|a]quinolizin-2-one
(78 mg) 1 dichloromethane (10 mL) was added methyl
2-(methylamino)acetate (31 mg) and triethylamine (150 uL.).
The resulting solution was stirred at room temperature
overnight and then quenched with water (20 mL). The
aqueous solution was extracted with dichloromethane (2x15
mlL). The organic layers were combined and concentrated to
gIve methyl 2-[[6-ethyl-10-methoxy-9-(3-methoxy-
propoxy)-2-0xo-6,7-dihydrobenzo| a|quinolizin-3-yl]
methyl-methyl-amino]acetate (92 mg).

Step 2: Preparation of 2-[[6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-0x0-6,7-dihydrobenzo[ a]quino-
lizin-3-ylmethyl-methyl-amino]acetic Acid

O
OH
Y
\O/\/\O

To a solution of crude methyl 2-[[6-ethyl-10-methoxy-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinolizin-
3-yllmethyl-methyl-amino]acetate (92 mg) 1n THF (10 mL)
was added 10% NaOH aqueous solution drop wise at rt. The
resultant mixture was stirred for 2 h, and then acidified to
pH=1-2 with 2M hydrochloric acid. The mixture was
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extracted with DCM (20 mLx2), and the combined organic
layers were washed with brine, dried over anhydrous
Na,SO, and concentrated to give an o1l which was purified
by prep-HPLC to aflord 2-[[6-ethyl-10-methoxy-9-(3-
methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinolizin-3-
yllmethyl-methyl-amino]acetic acid (11 mg). "H NMR (400
MHz, MeOD): 08.08 (s, 1H), 7.37 (s, 1H), 6.96 (d, 2H), 4.36
(m, 3H), 4.19 (m, 2H), 3.94 (s, 3H), 3.63 (m, 4H), 3.33 (m,
3H), 3.03 (m, 2H), 2.97 (s, 3H), 2.11 (m, 2H), 1.62 (m, 2H),
0.92 (t, 3H). MS obsd. (ESI") [(M+H)"]: 445.

Example 31: (6R)-6-ethyl-9,10-dimethoxy-2-0x0-N-
(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine-
3-carboxamide

\O
/

Step 1: Preparation of 1,2-dimethoxy-4-[2-mtrobut-
1-enyl]benzene

O
/ J\i\i NO»
\O / \)\/

A mixture of 3,4-dimethoxybenzaldehyde (112.5 g, 677
mmol), nitropropane (122 g, 1.37 mol), dimethylamine HCI
(164 g, 2.33 mol) and potassium fluoride (39.1 g, 677 mmol)
in toluene (1500 mL) was refluxed with a Dean-Stark trap
for 20 hours. Then the reaction mixture was diluted with
cthyl acetate (800 mL) and then quenched with 10% hydro-
chloric acid (250 mL). The organic layer was separated, and

then washed with water (250 mL) and brine (250 mL), then
dried over anhydrous Na,SO, and concentrated

under
reduced pressure. The residue was purified by column
chromatography to give 1,2-dimethoxy-4-[2-nitrobut-1-
enyl]benzene (120 g) as a yellow solid.

Step 2: Preparation of
1-(3,4-dimethoxyphenyl)butan-2-amine

P NH,

X
\O/‘\/\)\/
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To a solution of 1,2-dimethoxy-4-[2-mitrobut-1-enyl]ben-
zene (108 g, 454 mmol) 1n methanol (500 mL) was added
Pd/C (10.0 g). The mixture was stirred at 50° C. under 50 psi
of H, atmosphere for 60 hours, and then filtered through a
celite pad. The filtrate was concentrated to give 1-(3,4-
dimethoxyphenyl)butan-2-amine (54.0 g) as a white solid.

Step 3: Preparation of N-[1-[(3,4-dimethoxyphenyl)
methyl [propyl|[formamide

O
SN HN)LH
\O/‘\/\)\/

1-(3,4-Dimethoxyphenyl)butan-2-amine (54 g, 238
mmol) was dissolved 1n ethanol (250 mlL) under nitrogen
atmosphere. Fthyl formate (300 mL) and triethylamine (20
ml.) was added dropwise successively. The resultant mixture
was refluxed for 2 days. The mixture was concentrated in

vacuo to give N-[1-[(3,4-dimethoxyphenyl)methyl|propyl]
formamide (50.0 g).

Step 4: Preparation of
3-ethyl-6,7-dimethoxy-3,4-dihydroisoquinoline

/O\‘/\/\N
A A

To a solution of N-[1-[(3,4-dimethoxyphenyl)methyl]pro-
pyl]formamide (50.0 g, 211 mmol) 1n acetonitrile (100 mL)

was added POCIl;, (48.4 g, 316.4 mmol) dropwise. The
resultant mixture was refluxed for 1 hour. The resultant

mixture was basified to pH>10 with ammoma and then
extracted with ethyl acetate. The organic layer was concen-
trated 1 vacuo and the residue was purified by column
chromatography to give 3-ethyl-6,7-dimethoxy-3.,4-dihy-
droisoquinoline.

Step 5: Preparation of 6-ethyl-9,10-dimethoxy-2-
0x0-6,7-dihydrobenzo|a]quinolizine-3-carboxylic

Acid
O O
‘ ‘ OH
O
N
O
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A mixture of 3-ethyl-6,7-dimethoxy-3,4-dihydroisoqui-

noline (4 g, 18 mmol), hydrochloric acid 1n dioxane (5 M,
2 mL, 10 mmol) and ethyl 2-(dimethylaminomethylene)-3-
oxo-butanoate (4, 21.6 mmol) 1n DMSO (20 mL) was heated
under microwave 1rradiation at 125° C. for 1 hour. To this
mixture was added MnO, (4.7 g, 54 mmol), and then the
mixture was heated at 120° C. for 5 hours. Then additional
MnQO, (1.6 g, 18 mmol) was added and the mixture was
heated for additional 2 hours. The mixture was partitioned
between DCM and water, and the aqueous layer was acidi-
fied by hydrochloric acid to pH=1. The organic layer was
washed with brine, and then dried over anhydrous Na,SO,
and concentrated. The residue was punified by column

chromatography and then recrystallized in ethanol to give

6-cthyl-9,10-dimethoxy-2-0x0-6,7-dihydrobenzo[a]quino-

lizine-3-carboxylic acid as a white solid (1.8 g).

Step 6: Preparation of (6R)-6-ethyl-9,10-dime-
thoxy-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-car-
boxylic acid and (65)-6-ethyl-9,10-dimethoxy-2-
0x0-6,7-dihydrobenzo[ a|quinolizine-3-carboxylic
Acid

(6R)-enantiomer

Chiral

J

O \N/‘

/
\

\
4

(68)-enantiomer

Separation of the racemic 6-ethyl-9,10-dimethoxy-2-0x0-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (50 mg)
by chiral HPLC aflorded (6R)-6-ethyl-9,10-dimethoxy-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (10
mg) and (6S)-6-ethyl-9,10-dimethoxy-2-0x0-6,7-dihyd-
robenzo[a]quinolizine-3-carboxylic acid (10 mg).

(6R)-6-¢thyl-9,10-dimethoxy-2-0x0-6,7-dihydrobenzo| a]
quinolizine-3-carboxylic acid: [a],""=+121.21 (0.165%,
CH,CN), the absolute stereochemistry was determined by
the X-ray diffraction study of 1its (6S)-enantiomer.

(65)-6-ethyl-9,10-dimethoxy-2-0x0-6,7-dihydrobenzo[ a]
quinolizine-3-carboxylic acid: the absolute stereochemistry
was determined by X-ray diffraction study (FIG. 1).
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Step 7: Preparation of (6R)-6-ethyl-9,10-dime-
thoxy-2-oxo-N-(1H-tetrazol-5-y1)-6,7-dihydrobenzo
[a]quinolizine-3-carboxamide

N\
N

O O N~

To a solution of (6R)-6-ethyl-9,10-dimethoxy-2-0x0-6,7-
dihydrobenzo[a]quinolizine-3-carboxylic acid (30 mg,
0.091 mmol) n DMF (2 mL) was added HATU (51.9 mg,
0.14 mmol) and Et;N (25.6 pul, 0.18 mmol). The mixture
was stirred for 5 minutes at room temperature, then 1H-tet-
razol-5-amine (135.5 mg, 0.18 mmol) was added. The reac-
tion mixture was stirred for 4 hours and purified by pre-
parative HPLC to give (6R)-6-ethyl-9,10-dimethoxy-2-0xo0-
N-(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine-3-
carboxamide (10 mg). 'H NMR (400 MHz, DMSQ) 38.82
(s, 1H), 7.51 (s, 1H), 7.36 (s, 1H), 7.04 (s, 1H), 4.73-4.72 (m,
1H), 3.89 (s, 3H), 3.85 (s, 3H), 3.38-3.36 (m, 1H), 3.09-3.04
(m, 1H), 1.54-1.43 (m, 2H), 0.83 (t, J=7.2 Hz, 3H). MS obsd.
(ESI") [(M+H)™]: 397.

Example 32: 6-tert-butyl-10-methoxy-9-(3-
methoxypropoxy)-2-oxo-N-(1H-tetrazol-5-yl1)-6,/-
dihydrobenzo[a]quinolizine-3-carboxamide

Step 1: Preparation of 1-[4-methoxy-3-(3-methoxy-
propoxy )phenyl]-3,3-dimethyl-butan-2-one

/O\‘/\ -
N TN NN

To a solution of 4-bromo-1-methoxy-2-(3-methoxy-
propoxy)benzene (27.5 g, 0.1 mol) in THF (300 mL) was
added 3,3-dimethyl-2-butanone (30 g, 0.3 mol, Accela),
Pd,(dba), (1.37 g, 1.5 mmol), Xantphos (1.74 g, 3.0 mmol)
and sodium tert-butoxide (31.7 g, 0.33 mol). The resultant
mixture was stirred for 8 h at 60° C. under argon atmo-
sphere. After being cooled to room temperature, the suspen-
s1ion was filtered with suction, the filter cake was poured 1nto
water and acidified to PH=3 with 2N hydrochloride acid.
The mixture was extracted with ethyl acetate (400 mLx2)
and the combined organic layers were washed with water
(200 mL) and brine, dried over anhydrous Na,SO, and
concentrated to give 1-[4-methoxy-3-(3-methoxypropoxy)
phenyl]-3,3-dimethyl-butan-2-one (23 g) as a yellow oil.
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Step 2: Preparation of 1-[4-methoxy-3-(3-methoxy-
propoxy)phenyl]-3,3-dimethyl-butan-2-amine

NH,

\O/\/\O

To a solution of 1-[4-methoxy-3-(3-methoxypropoxy)
phenyl]-3,3-dimethyl-butan-2-one (23 g, 78 mmol) in
methanol (230 mL) was added ammonium acetate (90 g,

1.17 mol) and NaBH,CN (9.8 g, 156 mmol). The resultant
mixture was stirred for 12 h at room temperature.

The reaction was quenched with water, and then 2.0 M
NaOH aqueous solution (150 mL) was added. The resultant
mixture was stirred for 1 h and then extracted with ethyl

acetate (450 mL). The organic layer was washed with water
(200 mLL.x2) and brine, dried over anhydrous Na,SO, and
concentrated to give 1-[4-methoxy-3-(3-methoxypropoxy)
phenyl]-3,3-dimethyl-butan-2-amine (20 g) which was used
directly 1n next step without further purification.

Step 3: Preparation of N-[1-[[4-methoxy-3-(3-

methoxypropoxy )phenyl|methyl]-2,2-dimethyl-pro-
pyl][formamide

P

O
~
\O/\/\O/\/\/gr

A mixture of 1-[4-methoxy-3-(3-methoxypropoxy)phe-
nyl]-3,3-dimethyl-butan-2-amine (20 g, 67.8 mmol) and
formic acid (9.3 g, 203 mmol) in 1,4-dioxane (200 mL) was
refluxed for 12 h and then concentrated

under reduced

pressure. The residue was dissolved 1n ethyl acetate (300

ml.) and then washed with water (100 mLx2) and brine,
dried over anhydrous Na,SO, and concentrated to give
N-[1-[[4-methoxy-3-(3-methoxypropoxy )phenyl|methyl]-2,
2-dimethyl-propyl|formamide (20.6 g).

Step 4: Preparation of 3-tert-butyl-7-methoxy-6-(3-
methoxypropoxy)-3,4-dihydroisoquinoline

)

PN
\O/\/\ o N
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To a solution of N-[1-[[4-methoxy-3-(3-methoxy-
propoxy )phenyllmethyl]-2,2-dimethyl-propyl [formamide
(20.6 g, 62 mmol) 1 acetonitrile (100 mL) was added POCI,
(14.2 g, 93 mol) dropwise at 0-5° C., the resultant mixture
was refluxed for 3 h. After cooling to room temperature, the
solvent was removed and then ethyl acetate (100 mL) was
added, followed by addition of ammoma water to adjust the
pH of the aqueous solution to around 11. The mixture was
extracted with ethyl acetate (200 mLx2), and the organic
layers were combined and concentrated. The residue was
purified by column chromatography to give 3-tert-butyl-7/-
methoxy-6-(3-methoxypropoxy)-3,4-dihydroisoquinoline
(18 g).

Step 5: Preparation of ethyl 6-tert-butyl-10-
methoxy-9-(3-methoxypropoxy)-2-oxo-1,6,7,11b-
tetrahydrobenzo[a]quinolizine-3-carboxylate

0O O
A~
/O \N/‘

A mixture of 3-tert-butyl-7-methoxy-6-(3-methoxy-
propoxy)-3,4-dihydroisoquinoline (18 g, 60 mmol) and
cthyl 2-(ethoxymethylene)-3-oxo-butanoate (33.5 g, 180
mmol) 1 ethanol (200 mL) was refluxed overnight. The
mixture was concentrated to give crude ethyl 6-tert-butyl-
10-methoxy-9-(3-methoxypropoxy)-2-0xo-1,6,7,11b-tetra-
hydrobenzo[a]quinolizine-3-carboxylate (26.7 g) as a dark
brown o1l which was used 1n next step without purification.

Step 6: Preparation of ethyl 6-tert-butyl-10-
methoxy-9-(3-methoxypropoxy)-2-oxo0-6,7-dihyd-
robenzo[ a]quinolizine-3-carboxylate

NN

A maxture of crude ethyl 6-tert-butyl-10-methoxy-9-(3-
methoxypropoxy)-2-o0xo-1,6,7,11b-tetrahydrobenzo[a]qui-
nolizine-3-carboxylate (26.7 g, 60 mmol) from step 5 and
p-chloranil (11 g, 45 mmol) in DME (85 mL) was refluxed
for 2 h. After being cooled to room temperature, the sus-
pension was filtered with suction. The filter cake was
washed with cold DME and dried under vacuum to give
cthyl  6-tert-butyl-10-methoxy-9-(3-methoxypropoxy)-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxylate as a yel-
low solid (13.5 g)
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Step 7: Preparation of 6-tert-butyl-10-methoxy-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzol[a]
quinolizine-3-carboxylic Acid

)—
o

SN N

\O/\/\O/\/

To a solution of ethyl 6-tert-butyl-10-methoxy-9-(3-
methoxypropoxy)-2-oxo0-6,7-dihydrobenzo[a]quinolizine-
3-carboxylate (15.5 g, 35 mmol) in THF (30 mL) and
methanol (150 mL) was added 2.0 M LiOH (70 mL)
aqueous solution at rt. The resultant mixture was stirred for
4 h, and then acidified to pH=1-2 with 2M hydrochloric acid.
The mixture was extracted with DCM (200 mLx2). The
combined organic layers were washed with water and brine,
dried over anhydrous Na,SO, and concentrated to give a
yellow solid, which was purified by column chromatography

to give 6-tert-butyl-10-methoxy-9-(3-methoxypropoxy)-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (8.5
2)

Step 8: Preparation of 6-tert-butyl-10-methoxy-9-
(3-methoxypropoxy )-2-o0xo-N-(1H-tetrazol-5-y1)-6,
7-dihydrobenzo|a]quinolizine-3-carboxamide

O O HN""N\
\
o,
N N
0 o
/ N
\O/\/\O

To a solution of 6-tert-butyl-10-methoxy-9-(3-methoxy-
propoxy )-2-o0xo0-6,7-dihydrobenzo[a]quinolizine-3-carbox-
ylic acid (30 mg, 0.072 mmol) 1n DMF (2 mL) was added

HATU (41.2 mg, 0.11 mmol) and Et;N (20.3 ul, 0.14

mmol). The reaction was stirred for 5 minutes at room
temperature, then 1H-tetrazol-5-amine (12.3 mg, 0.14
mmol) was added. The reaction mixture was stirred for 4
hours and purified by preparative HPLC to give 6-tert-butyl-
10-methoxy-9-(3-methoxypropoxy)-2-o0xo-N-(1H-tetrazol-

5-y1)-6,7-dihydrobenzo[a]quinolizine-3-carboxamide (6
mg). '"H NMR (400 MHz, DMSO) 88.74 (s, 1H), 7.46 (s,
1H), 7.33 (s, 1H), 7.07 (s, 1H), 4.59-4.51 (m, 1H), 4.19-4.05
(m, 2H), 3.87 (s, 3H), 3.50-3.47 (m, 3H), 3.29-3.26 (m, 4H),
2.01-1.98 (m, 2H), 0.75 (s, 9H). MS obsd. (ESI") [(M+H)™]:
483.
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Example 33: 6-cyclobutyl-10-methoxy-9-(3-
methoxypropoxy)-2-oxo-N-(1H-tetrazol-5-yl1)-6,/-
dihydrobenzo[a]quinolizine-3-carboxamide

0 0 HINT\
\
A
. 7
T
O
e N
\O/\/\O

Step 1: Preparation of 1-cyclobutyl-2-[4-methoxy-
3-(3-methoxypropoxy)phenyl]ethanone

/OD O
NN N S

To a mixture of 4-bromo-1-methoxy-2-(3-methoxy-
propoxy)benzene (2.74 g, 10 mmol), tris(dibenzylideneac-
ctone)dipalladium(0) (92 mg, 0.1 mmol), 9,9-Dimethyl-4,
S-bis(diphenylphosphino)xanthene (116 mg, 0.2 mmol) and
t-BuONa (2.02 g, 22 mmol) in THF (20 mL) was added

acetylcyclobutane (1.96 g, 20 mmol, Alfa Aesar). The result-
ing mixture was heated to 50° C. for 7 h under argon. After
cooling to room temperature, the mixture was diluted with
water and EtOAc. The aqueous solution was extracted with
EtOAc (50 mLx2). The combined organmic layers were
filtered. The filtrate was washed with brine, dried over
anhydrous Na,SO, and concentrated under reduced pressure
to give crude 1-cyclobutyl-2-[4-methoxy-3-(3-methoxy-
propoxy )phenyl]ethanone (3.47 g) as a yellow o1l which was
directly used for next step without purification.

Step 2: Preparation of 1-cyclobutyl-2-[4-methoxy-
3-(3-methoxypropoxy )phenyl]ethanamine

NH,

To a mixture of crude 1-cyclobutyl-2-[4-methoxy-3-(3-
methoxypropoxy)phenyl]ethanone (3.47 g, 10 mmol) and
ammonium acetate (11.55 g, 150 mmol) 1n CH,OH (20 mL)
was added NaBH,CN (605 mg, 9.6 mmol). "

T'he resulting
mixture was stirred at room temperature for 40

h, basified by
2N NaOH to PH=12~14, and then extracted with CH,(Cl,
(30 mLLx3). The combined organic layers were concentrated

under reduced pressure. The residue was dissolved in
CH,CI, (20 mL) and then washed with 1N HCI (30 mLx3).
The separated aqueous layer was basified by 2N NaOH to
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PH=1214, and then extracted with CH,Cl, (40 mLx3). The
combined organic layers were washed with brine, dried over
anhydrous Na,SO, and concentrated to give crude 1-cy-
clobutyl-2-[4-methoxy-3-(3-methoxypropoxy )phenyl]
cthanamine (1.13 g) as a yellow oil.

Step 3: Preparation of N-[1-cyclobutyl-2-[4-
methoxy-3-(3-methoxypropoxy)phenyl]ethyl|[forma-
mide

A solution of 1-cyclobutyl-2-[4-methoxy-3-(3-methoxy-
propoxy )phenyl]ethanamine (1.13 g, 3.86 mmol) and formic
acid (0.2 mL) 1n ethyl formate (20 mL) was heated to 90° C.

overnight. The solvent was removed under reduced pressure
to give crude N-[1-cyclobutyl-2-[4-methoxy-3-(3-methoxy-
propoxy phenyl]ethyl[formamide (1.24 g) as a yellow oil
which was directly used for next step without purification.

Step 4: Preparation of 3-cyclobutyl-7-methoxy-6-
(3-methoxypropoxy)-3,4-dihydroisoquinoline

7 Ny
o NN

To a solution of N-|1-cyclobutyl-2-[4-methoxy-3-(3-
methoxypropoxy)phenyl]ethyl[formamide (1.24 g, 3.86
mmol) in CH,CN (10 mL) was added POCI, (708 mg, 4.63
mmol). The reaction mixture was heated to 60° C. for 2 h
and concentrated. The residue was dissolved in CH,CN (10
ml.) and then basified by ammonium hydroxide to PH=10 at
0° C. The resulting mixture was extracted with CH,Cl,, and
the organic layer was washed with brine, dried and concen-
trated under reduced pressure to give crude 3-cyclobutyl-7-
methoxy-6-(3-methoxypropoxy)-3,4-dihydroisoquinoline
(920 mg) as a yellow oil.

Step 5: Preparation of ethyl 6-cyclobutyl-10-
methoxy-9-(3-methoxypropoxy)-2-0xo0-1,6,7,11b-
tetrahydrobenzo[a]quinolizine-3-carboxylate
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A mixture of crude 3-cyclobutyl-7-methoxy-6-(3-
methoxypropoxy)-3,4-dihydroisoquinoline (920 mg, 3
mmol) and ethyl 2-(ethoxymethylene)-3-oxo-butanoate
(1.67 g, 9 mmol) in EtOH (10 mL) was heated to 100° C. for
16 h. The mixture was concentrated under reduced pressure
to give crude ethyl 6-cyclobutyl-10-methoxy-9-(3-methoxy-
propoxy)-2-oxo-1,6,7,11b-tetrahydrobenzo[a]quinolizine-3-
carboxylate (2.43 g) as a brown o1l which was directly used
in next step without purification.

Step 6: Preparation of ethyl 6-cyclobutyl-10-
methoxy-9-(3-methoxypropoxy)-2-oxo0-6,7-dihyd-
robenzo[a]quinolizine-3-carboxylate

\O/\/\O

A mixture of crude ethyl 6-cyclobutyl-10-methoxy-9-(3-
methoxypropoxy)-2-0xo-1,6,7,11b-tetrahydrobenzo[a]qui-
nolizine-3-carboxylate (2.43 g, 3 mmol) and p-chloramil
(738 mg, 3 mmol) in DME (10 mL) was heated to 70° C. for
3 hunder argon. After being cooled to room temperature, the
mixture was diluted with CH,Cl, and H,O. The organic
layer was washed with saturated NaHCO, aqueous solution,
brine, dried over anhydrous Na,SO, and concentrated to
give crude ethyl 6-cyclobutyl-10-methoxy-9-(3-methoxy-
propoxy )-2-oxo0-6,7-dihydrobenzo[ a]Jquinolizine-3-car-
boxylate (2.62 g) as a brown oil.

Step 7: Preparation of 6-cyclobutyl-10-methoxy-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzola]
quinolizine-3-carboxylic Acid

OH

Y N

\O/\/\O

To a mixture of crude ethyl 6-cyclobutyl-10-methoxy-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinoliz-
ine-3-carboxylate (2.62 g, 3 mmol) in CH,OH (12 mL) and
H,O (3 mL) was added L1OH.H,O (492 mg, 12 mmol). The
resulting mixture was stirred at room temperature for 16 h.
The reaction mixture was acidified by 1N HCI to PH=2~3,
then extracted with CH,Cl, (50 mLx3). The combined
organic layers were washed with brine, dried over anhydrous

Na,SO,, and concentrated. The residue was precipitated
from Et,O/EtOH to aflord 6-cyclobutyl-10-methoxy-9-(3-
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methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinolizine-
3-carboxylic acid (500 mg) as a pale solid.

Step 8: Preparation of 6-cyclobutyl-10-methoxy-9-
(3-methoxypropoxy)-2-oxo-N-(1H-tetrazol-5-yl1)-6,
7-dihydrobenzo|a]quinolizine-3-carboxamide

_N
O 0O  HN'\
\N
)"\““--/
N N
O B
/ N
\O/\/\O

To a solution of 6-cyclobutyl-10-methoxy-9-(3-methoxy-
propoxy )-2-0xo-6,7-dihydrobenzo[ a]Jquinolizine-3-carbox-
ylic acid (30 mg, 0.073 mmol) 1n DMF (2 mL) was added
HATU (41.4 mg, 0.11 mmol) and Et,N (20.4 pL, 0.15
mmol). The reaction was stirred for 5 minutes at room
temperature, then 1H-tetrazol-5-amine (12.4 mg, 0.15
mmol) was added. The reaction mixture was stirred for 4
hours and purified by preparative HPLC to give 6-cyclobu-
tyl-10-methoxy-9-(3-methoxypropoxy)-2-oxo-N-(1H-tetra-
zol-5-y1)-6,7-dihydrobenzo[a]quinolizine-3-carboxamide (6
mg). '"H NMR (400 MHz, DMSO) 88.83 (s, 1H), 7.50 (s,
1H), 7.36 (s, 1H), 7.01 (s, 1H), 4.77-4.73 (m, 1H), 4.15-4.08
(m, 2H), 3.89 (s, 3H), 3.50-3.47 (m, 2H), 3.32-3.26 (m, 4H),
2.91-2.85 (m, 1H), 2.28-2.31 (m, 1H), 2.01-1.97 (m, 2H),
1.96-1.51 (m, 5H), 1.27-1.26 (m, 1H). MS obsd. (ESI")
[(M+H)™]: 481.

Example 34: 11-chloro-6-1sopropyl-9-(2-methoxy-
ethoxy)-2-0x0-N-(1H-tetrazol-5-y1)-6,7-dihyd-
robenzo[a]quinolizine-3-carboxamide

/O\/\O/\/

Cl
PN
AN

Step 1: Preparation of
1-bromo-3-chloro-5-(2-methoxyethoxy)benzene

Cl
/O\/\O/ : E N
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To a mixture of 3-bromo-5-chloro-phenol (14.0 g, 67.5
mmol, Accela) in MeCN (150 mL) was added 1-bromo-2-
methoxy-ethane (12.6 g, 90.7 mmol) and Cs,CO; (34.1 g,
105 mmol). The resultant mixture was heated at 80° C. for
12 hours, and then cooled to room temperature and then
filtered. The filtrate was evaporated under reduced pressure,
and the residue was purified by column chromatography to
give 1-bromo-3-chloro-5-(2-methoxyethoxy)benzene (17.0
g) as a colorless o1l.

Step 2: Preparation of 1-[3-chloro-5-(2-methoxy-
cthoxy)phenyl]-3-methyl-butan-2-one

Cl
\)\ |

ONTN T N

To a mixture of 1-bromo-3-chloro-5-(2-methoxyethoxy)
benzene (14.8 g, 55.7 mmol), tris(dibenzylideneacetone)
dipalladium(0) (1.02 g, 1.11 mmol), 9,9-dimethyl-4,5-bis
(diphenylphosphino)xanthene (1.29 g, 2.22 mmol) and
t-BuONa (9.62 g, 100 mmol) in THF (150 mL) was added
3-methylbutan-2-one (7.18 g, 83.4 mmol). The resultant
mixture was heated at 50° C. for 12 hours under nitrogen
atmosphere, and then cooled to room temperature and then
filtered. The filtrate was concentrated under reduced pres-
sure, and the residue was purified by column chromatogra-
phy to aflord 1-[3-chloro-5-(2-methoxyethoxy)phenyl]-3-
methyl-butan-2-one (13.0 g) as a colorless o1l which was
directly used for the next step without further purification.

Step 3: Preparation of 1-[3-chloro-5-(2-methoxy-
cthoxy)phenyl]-3-methyl-butan-2-amine

Cl
)\
F

NH,

O TN N

A mixture of 1-[3-chloro-5-(2-methoxyethoxy)phenyl]-3-
methyl-butan-2-one (13.2 g, 56.1 mmol) and ammonium
acetate (30.3 g, 393 mmol) in CH,OH (150 mL) was stirred
at room temperature for 1 hour. NaBH,CN (4.59 g, 73
mmol) was added at 0° C. The resultant mixture was stirred
at room temperature for 12 hours and then concentrated. The
residue was diluted with H,O (20 mL) and then extracted
with CH,CI, (500 mL). The organic layer was washed with
brine (100 mL), and then dried over anhydrous Na,SO, and
then evaporated under reduced pressure to afford 1-[3-
chloro-5-(2-methoxyethoxy)phenyl]-3-methyl-butan-2-
amine (19.0 g, crude) as a light yellow o1l which was directly
used for the next step without purification.
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Step 4: Preparation of N-[1-[[3-chloro-5-(2-
methoxyethoxy )phenyl|methyl]-2-methyl-propyl]

formamide
Cl O
AN HN)‘\H

SN F

A solution of 1-[3-chloro-5-(2-methoxyethoxy)phenyl]-3-
methyl-butan-2-amine (17.0 g, 62.6 mmol) and formic acid
(11.5 g, 250 mmol) 1 1,4-dioxane (200 mL) was heated to
reflux for 12 hours. The reaction solution was diluted with
H,O (200 mL) and then extracted with EtOAc (200 mLx2).
The organic layer was dried over anhydrous Na,SO, and
then concentrated. The residue was purified by column
chromatography to give N-[1-[[3-chloro-3-(2-methoxy-
cthoxy)phenyl|methyl]-2-methyl-propyl[formamide (10.0
g) as a light yellow oil.

Step 5: Preparation of 8-chloro-3-1sopropyl-6-(2-
methoxyethoxy)-3,4-dihydroisoquinoline

C

1
PN
S

SON TN N

A stirred solution of N-[1-[[3-chloro-5-(2-methoxy-
cthoxy)phenyllmethyl]-2-methyl-propyl [formamide (9.0 g,
30.0 mmol) in CH,CL, (100 mL) was cooled to 0° C., and
then POCI1, (5.31 g, 34.5 mmol) was added slowly. Then the
mixture was refluxed for 2 hours. After being cooled down,
the mixture was poured 1nto a solution of NH,OH (50 mL)
in H,O (200 mL), and then stirred for 0.5 hour. The mixture
was extracted with CH,Cl, (500 mL). The organic layer was
washed with brine (200 mL), and then dried over anhydrous
Na,SO, and then evaporated under reduced pressure. The
residue was purified by column chromatography to give
8-chloro-3-1sopropyl-6-(2-methoxyethoxy)-3,4-dihydroiso-
quinoline (2.02 g) as a yellow oil.

Step 6: Preparation of ethyl 11-chloro-6-1sopropyl-
9-(2-methoxyethoxy)-2-ox0-1,6,7,11b-tetrahyd-
robenzo[a]quinolizine-3-carboxylate

O

O
BN NN
PN
F

/
\—

SO TN N
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To a mixture of 8-chloro-3-1sopropyl-6-(2-methoxy-
cthoxy)-3,4-dihydroisoquinoline (843 mg, 3 mmol) and
cthyl 2-(dimethylaminomethylene)-3-oxo-butanoate (851

mg, 6 mmol) in DMSO (5 mL) was added 4 M HCI 1n

dioxane (0.15 mL, 0.6 mmol). The resultant mixture was
heated at 130° C. for 8 hours under microwave, and then
cooled to chromatography and diluted with EtOAc and H,O.
The separated aqueous layer was extracted with EtOAc. The
combined organic layers were washed with brine, and then
dried over anhydrous Na,SQO,, and then concentrated to give
crude ethyl 11-chloro-6-1sopropyl-9-(2-methoxyethoxy)-2-
0x0-1,6,7,11b-tetrahydrobenzo[a]quinolizine-3-carboxylate
(1.35 g) as a yellow solid which was directly used 1n the next
step without purification.

Step 7: Preparation of 11-chloro-6-1sopropyl-9-(2-
methoxyethoxy)-2-0x0-6,7-dihydrobenzo[a]quino-
lizine-3-carboxylic Acid

A mixture of crude ethyl 11-chloro-6-1sopropyl-9-(2-
methoxyethoxy)-2-0x0-1,6,7,11b-tetrahydrobenzo[a]quino-
lizine-3-carboxylate (1.35 g, 3 mmol) and p-chloranil (390
mg, 2.4 mmol) in DME (10 mL) was heated at 70° C. for 3
hours, then heated at 100° C. for 16 hours, and then heated
to 130° C. for 1 hour under microwave under argon atmo-
sphere. After being cooled to room temperature, the resultant
mixture was concentrated. The residue was purified by flash
column chromatography and washed with EtOH/Et,O to
afford 11-chloro-6-1sopropyl-9-(2-methoxyethoxy)-2-oxo-
6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (247 mg)
as a yellow solid.

Step 8: Preparation of 11-chloro-6-1sopropyl-9-(2-
methoxyethoxy)-2-oxo-N-(1H-tetrazol-5-y1)-6,7-
dihydrobenzo[a]quinolizine-3-carboxamide

N
O O AN "\

N
N

/l{“/

Cl N N

)
N

SN

To a solution of 11-chloro-6-1sopropyl-9-(2-methoxy-
cthoxy)-2-0x0-6,7-dihydrobenzo[ a]quinolizine-3-carbox-
ylic acid (30 mg, 0.077 mmol) in DMF (2 mL) was added
HATU (43.7 mg, 0.11 mmol) and Et;N (21.5 uL, 0.15
mmol). The reaction was stirred for 5 minutes at room
temperature, then 1H-tetrazol-5-amine (13.0 mg, 0.15
mmol) was added. The reaction mixture was stirred for 4
hours and purified by preparative HPLC to give 11-chloro-
6-1sopropyl-9-(2-methoxyethoxy)-2-oxo-N-(1H-tetrazol-3-
y1)-6,7-dihydrobenzo[a]quinolizine-3-carboxamide (6 mg).
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'H NMR (400 MHz, DMSO) 88.83 (s, 1H), 7.43 (s, 1H),
7.22-7.19 (m, 1H), 7.18-7.14 (m, 1H), 4.52-4.44 (m, 1H),
4.30-4.18 (m, 2H), 3.69 (t, 2H), 3.30-3.19 (m, 2H), 1.51-
1.41 (m, 1H), 0.87 (d, 3H), 0.81 (d, 3H). MS obsd. (ESI*)
[(M+H)*]: 459.

Example 35: 9,10-dimethoxy-2-oxo-N-(1H-tetrazol-
3-y1)-6-(2,2,2-trifluoroethyl)-6,7-dihydrobenzo| a]
quinolizine-3-carboxamide

0O 0O HN
\\N
)*" /
N N
) ]

-~ N
o

gl I

F

Step 1: Preparation of 1-(3,4-dimethoxyphenyl)-4,4,
4-trifluoro-butane-1,3-dione

O O

To a solution of 1-(3,4-dimethoxyphenyl)ethanone (5.4 g,
30 mmol) in DMF (30 mL) was added 60% NaH in mineral
o1l (1.56 g, 39 mmol) 1n portions at —=5° C. to 0° C. After
stirring at this temperature for 30 minutes, methyl 2,2,2-
trifluoroacetate (5.0 g, 39 mmol, Aldrich) was added. The
resulting mixture was allowed to warm to room temperature
and stirred overnight, and then poured 1nto 1ce-water, acidi-
fied with 2N HCI to PH=3. The aqueous solution was
extracted with EtOAc, and the combined organic layers were
washed with water, brine, dried and concentrated to give
crude 1-(3,4-dimethoxyphenyl)-4,4,4-trifluoro-butane-1,3-
dione (9.48 g) as an orange solid which was directly used for
next step without purification.

Step 2: Preparation of 3-(3,4-dimethoxyphenyl)-5-
(trifluoromethyl)-4H-1soxazol-5-0l

Pt

A
NN

A mixture of hydroxylamine hydrochloride (1.38 g, 20
mmol) and sodium acetate (1.64 g, 20 mmol) 1n EtOH (100
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ml) was heated to 90° C. for 15 minutes. Then 1-(3.4-
dimethoxyphenyl)-4,4,4-trifluoro-butane-1,3-dione (6.32 g,
20 mmol) was added and stirred at 90° C. for 4 h. After
removing the solvent under reduced pressure, the residue
was extracted with CHCI,. The combined organic layers
were washed with brine, dnied over anhydrous Na,SO,, and
concentrated to give 3-(3,4-dimethoxyphenyl)-5-(trifluo-
romethyl)-4H-1soxazol-5-0l (5.95 g) as a yellow solid which
was directly used for next step without purification.

Step 3: Preparation of 3-(3,4-dimethoxyphenyl)-5-
(trifluoromethyl)isoxazole

A mixture of 3-(3,4-dimethoxyphenyl)-5-(trifluorom-
cthyl)-4H-1soxazol-5-0l (5.95 g, 20 mmol) in HOAc (60
ml) and conc. H,SO, (0.4 mL) was heated to 115° C.
overnight. After removing the solvent under reduced pres-
sure, the residue was poured into water. The resulting
mixture was stirred at room temperature for 15 minutes and
then filtered. The filter cake was dissolved in CH,Cl,. The
organic layer was washed with brine, dried over anhydrous
Na,SO, and concentrated. The residue was purified by flash
column to aflord 3-(3,4-dimethoxyphenyl)-5-(trifluorom-
cthyl isoxazole (4.43 g) as a yellow o1l which was directly
used for next step without purification.

Step 4: Preparation of 2-(3,4-dimethoxyphenyl)-3-
(2,2,2-trifluoroethyl)aziridine

To a solution of LiAlIH, in THF (60 mL, 120 mmol) was
added  3-(3,4-dimethoxyphenyl)-5-(trifluoromethyl)isox-
azole (5.42 g, 20 mmol) in THF (40 mL). The resulting
mixture was stirred at 65° C. for 2 h, and then additional
L1AIH, in THF (20 mL, 40 mmol) was added. The mixture
was stirred at 75° C. for 4 h, cooled to room temperature and
quenched by H,O at 0° C. After addition of potassium
sodium tartrate tetrahydrate solution, the resultant mixture
was stirred at room temperature for 2 h and then extracted
with EtOAc (100 mLx3). The combined organic layers were
washed with brine, dried over anhydrous Na,SO, and con-
centrated. The residue was purified by tlash chromatography
to aflord 2-(3,4-dimethoxyphenyl)-3-(2,2,2-trifluoroethyl)
aziridine (1.90 g) as a yellow o1l which was directly used for
next step without further purification.
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Step 5: Preparation of 1-(3,4-dimethoxyphenyl)-4.4,
4-trifluoro-butan-2-amine

A mixture of 2-(3,4-dimethoxyphenyl)-3-(2,2,2-trifluoro-
cthylaziridine (783 mg, 3 mmol) and 10% palladium on
carbon (78 mg) in CH,OH (8 mlL) was stirred at room
temperature for 16 h. The reaction mixture was filtered, and
the filtrate was concentrated under reduced pressure. The
residue was dissolved in CH,CIl, (30 mL), then acidified by
IN HCIl to PH=2~3. The separated aqueous layer was
basified by sat. NaHCO, to PH=8~9, then extracted with
CH,Cl, (30 mLx3). The combined organic layers were
washed with brine, dried over anhydrous Na,SO, and con-

centrated to aflord 1-(3,4-dimethoxyphenyl)-4,4,4-trifluoro-
butan-2-amine (573 mg) as a red o1l which was directly used
for next step without further purification.

Step 6: Preparation of N-[1-[(3,4-dimethoxyphenyl)
methyl]-3,3,3-trifluoro-propyl]formamide

O

0 J

HN b

\O b

A solution of 1-(3,4-dimethoxyphenyl)-4,4.,4-trifluoro-
butan-2-amine (563 mg, 2.14 mmol) in ethyl formate (10
ml) and formic acid (0.1 mL) was heated to 90° C.
overnight. After removing the excess solvent under reduced
pressure, N-[1-[(3,4-dimethoxyphenyl)methyl]-3,3,3-trii-
luoro-propyl]formamide (663 mg) was obtained as a green
o1l which was directly used for next step without purifica-
tion.

Step 7: Preparation of 6,7-dimethoxy-3-(2,2,2-trii-
luoroethyl)-3,4-dihydroisoquinoline

e OJ\i\i/\N F

b

\O s \)\)<F
To a solution of crude N-[1-[(3,4-dimethoxyphenyl)
methyl]-3,3,3-trifluoro-propyl]|formamide (663 mg, 2.14
mmol) 1n acetonitrile (6 mL) was added POCI, (393 mg,
2.57 mmol). The reaction mixture was heated to 60° C. for
2 h and then concentrated. The residue was dissolved 1n
CH,CL, (20 mL) and then basified by ammonium hydroxide
to PH=9~10 at 0° C. The resulting mixture was stirred at
room temperature for 1 h and extracted with CH,Cl, (30
ml.x3). The combined organic layers were washed with
brine, dried and concentrated under reduced pressure to
aflord crude 6,7-dimethoxy-3-(2,2,2-trifluoroethyl)-3,4-di-
hydroisoquinoline (577 mg) as a yellow o1l which was

directly used for next step without purification.
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Step 8: Preparation of ethyl 9,10-dimethoxy-2-oxo0-
6-(2,2,2-trifluoroethyl)-1,6,7,11b-tetrahydrobenzo| a]
quinolizine-3-carboxylate

7N

N

A mixture of crude 6,7-dimethoxy-3-(2,2,2-trifluoro-
ethyl)-3,4-dihydroisoquinoline (577 mg, 2.14 mmol) and
cthyl 2-(dimethylaminomethylene)-3-oxo-butanoate (1.19
g, 6.42 mmol) in EtOH (6 mL) was heated to 100° C. for 16
h. The mixture was concentrated under reduced pressure.
The residue was purnified by recrystallization from diethyl
cther/petroleum ether to afford ethyl 9,10-dimethoxy-2-0x0-
6-(2,2,2-trifluoroethyl)-1,6,7,11b-tetrahydrobenzo[a]quino-
lizine-3-carboxylate (568 mg) as a yellow solid which was
directly used 1n next step without further purification.

Step 9: Preparation of ethyl 9,10-dimethoxy-2-0xo-
6-(2,2,2-trifluoroethyl)-6,7-dihydrobenzo[a]quinoliz-
ine-3-carboxylate

PN

N

A mixture of ethyl 9,10-dimethoxy-2-0x0-6-(2,2,2-tr1i-
luoroethyl)-1,6,7,11b-tetrahydrobenzo|a]quinolizine-3-car-
boxylate (568 mg, 1.4 mmol) and p-chloranil (344 mg, 1.4
mmol) 1n DME (5 mL) was heated to 70° C. for 3 h under
argon. Alter being cooled to room temperature, the resulting
suspension was filtered. The filter cake was washed with
DME, then dried to give ethyl 9,10-dimethoxy-2-0x0-6-(2,
2,2-trifluoroethyl)-6,7-dihydrobenzo[a]quinolizine-3-car-
boxylate (375 mg) as a light-yellow solid.

Step 10: Preparation of 9,10-dimethoxy-2-0x0-6-(2,
2,2-trifluoroethyl)-6,7-dihydrobenzo|a]quinolizine-
3-carboxylic Acid
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To a solution of ethyl 9,10-dimethoxy-2-0x0-6-(2,2,2-
tritfluoroethyl)-6,7-dihydrobenzo| a]Jquinolizine-3-carboxy-
late (375 mg, 0.81 mmol)1in CH,OH (4 mL) and H,O (1 mL)
was added L1OH.H,O (153 mg, 3.64 mmol). The resulting

reaction mixture was stirred at room temperature for 2 h and
then acidified by 1N HCI to PH=2~3. The resulting precipi-

tate was filtered, and the filter cake was dried to aflord
9,10-dimethoxy-2-0x0-6-(2,2,2-trifluoroethyl)-6,7-dihyd-

robenzo[a]quinolizine-3-carboxylic acid (285 mg) as a yel-
low solid.

Step 11: Preparation of 9,10-dimethoxy-2-0x0-N-
(1H-tetrazol-3-y1)-6-(2,2,2-trifluoroethyl)-6,7-dihyd-
robenzo[ a]quinolizine-3-carboxamide

To a solution of 9,10-dimethoxy-2-0x0-6-(2,2,2-trifluoro-
cthyl)-6,7-dihydrobenzo[a]quinolizine-3-carboxylic  acid
(30 mg, 0.078 mmol) mm DMF (2 mL) was added HATU
(44.7 mg, 0.12 mmol) and Et;N (22.0 uL, 0.16 mmol), the
reaction was stirred for 5 minutes at room temperature, then
1 H-tetrazol-5-amine (13.3 mg, 0.16 mmol) was added to the
solution. The reaction mixture was stirred for 4 hours and
purified by preparative HPLC to give 9,10-dimethoxy-2-
0x0-N-(1H-tetrazol-5-y1)-6-(2,2,2-trifluoroethyl)-6,7-dihy-
drobenzo[a]quinolizine-3-carboxamide (7 mg). lH NMR
(400 MHz, DMSO) 6=8.76 (s, 1H), 7.55 (s, 1H), 7.37 (s,
1H), 7.02 (s, 1H), 5.34-5.24 (m, 1H), 3.90 (s, 3H), 3.85 (s,
3H), 3.49-3.40 (m, 1H), 3.02 (m, 1H), 2.70-2.56 (m, 2H).
MS obsd. (ESI™) [(M+H)™]: 451.

Example 36: 6-1sopropyl-10-methoxy-9-(3-
methoxypropoxy)-2-oxo-N-(1H-tetrazol-3-y1)-6,7/ -
dihydrobenzo[a]quinolizine-3-carboxamide

N

O O HN "\

\N

k/

N N

; )
/ N
\O/\/\O
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Step 1: Preparation of
4-bromo-1-methoxy-2-(3-methoxypropoxy)benzene

(L]C
\O/\/\O P \Br

A 250 mL round-bottomed flask was charged with
S-bromo-2-methoxy-phenol (15.5 g, 76.4 mmol), 1-bromo-
3-methoxy-propane (12.9 g, 84 mmol), K,CO, (22 g, 2153
mmol) and DMF (30 mL). "

I'he resultant mixture was stirred
at 50° C. for 3 hours, and then ethyl acetate and water was
added. The organic phase was separated, and then dried over
anhydrous Na,SO, and then concentrated to give 4-bromo-
1 -methoxy-2-(3-methoxypropoxy)benzene (23 g).

Step 2: Preparation of 1-[4-methoxy-3-(3-methoxy-
propoxy )phenyl]-3-methyl-butan-2-one

\O/\/\O

A mixture of 4-bromo-1-methoxy-2-(3-methoxypropoxy)
benzene (20 g, 73 mmol), 3-methylbutan-2-one (19 g, 219
mmol, TCI), Pd,(dba); (1 g, 1.2 mmol), Xantphos (1.3 g, 2.4
mmol) and t-BuONa (23 g, 241 mol) 1n 500 mL of THF was
stirred at 70° C. overnmight. Then ethyl acetate and water
were added. The separated organic phase was washed with
brine, and then dried over anhydrous Na,SO, and then
concentrated. The residue was purified by column chroma-
tography to give 1-[4-methoxy-3-(3-methoxypropoxy )phe-
nyl]-3-methyl-butan-2-one (19 g).

Step 3: Preparation of 1-[4-methoxy-3-(3-methoxy-
propoxy )phenyl]-3-methyl-butan-2-amine

NH,

1-[4-Methoxy-3-(3-methoxypropoxy )phenyl]-3-methyl-
butan-2-one (19 g, 73 mmol) was dissolved in MeOH (150
mL). Then NH,OAc (84 g, 1.1 mol) and NaBH,CN (9.2 g,
146 mmol) were added. The mixture was stirred at room
temperature overnight. 20% NaOH aqueous solution (100
ml.) was added to the mixture. The reaction mixture was
stirred for 20 minutes. The mixture was extracted with ethyl
acetate, and the organic layer was dried over anhydrous
Na,SO, and then concentrated to afford 1-[4-methoxy-3-(3-
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methoxypropoxy )phenyl]-3-methyl-butan-2-amine (8 g)
which was used 1n the next step without further purification.

Step 4: Preparation of N-[1-[[4-methoxy-3-(3-
methoxypropoxy)phenyl |methyl]-2-methyl-propyl]
formamide

A mixture of 1-(4-methoxy-3-ethoxy-phenyl)butan-2-
amine (73 mmol) and formic acid (40 mL) 1 dioxane (150
ml.) was refluxed for 16 hours and then concentrated under
reduced pressure to aflord crude N-[1-[[4-methoxy-3-(3-
methoxypropoxy )phenyl|methyl]-2-methyl-propyl]forma-
mide which was used 1n the next step without punification.

Step 5: Preparation of 7-methoxy-3-1sopropyl-6-(3-
methoxypropoxy)-3,4-dihydroisoquinoline

|
O X N
\O/\/\O

To a solution of N-[1-[[4-methoxy-3-(3-methoxy-
propoxy )phenyl|methyl]-2-methyl-propyl [formamide (64.7
mmol) in acetonitrile (150 mL) was added POCI; (10.1 g,
64.7 mmol) dropwise at 0-5° C. The resultant mixture was
refluxed for 4 hours and then concentrated. Ethyl acetate was
added, followed by addition of ammonia water to adjust the
pH of the aqueous solution to around 11. The aqueous layer
was extracted with ethyl acetate. The organic layers were
combined and then concentrated. The residue was purified
by column chromatography to give 7-methoxy-3-1sopropyl-
6-(3-methoxypropoxy)-3,4-dihydroisoquinoline (16 g).

Step 6: Preparation of ethyl 10-methoxy-6-1sopro-
pyl-9-(3-methoxypropoxy)-2-0xo0-1,6,7,1 1b-tetrahy-
drobenzo[a]quinolizine-3-carboxylate

Ao

|
N X N/
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A mixture of 7-methoxy-3-1sopropyl-6-(3-methoxy-
propoxy)-3,4-dihydroisoquinoline (16 g, 55 mmol) and
cthyl 2-(ethoxymethylene)-3-oxo-butanoate (30 g, 165
mmol) 1n EtOH (150 mL) was stirred at 100° C. overnight.
The mixture was concentrated to give crude ethyl
10-methoxy-6-1sopropyl-9-(3-methoxypropoxy)-2-0xo-1,6,
7,11b-tetrahydrobenzo| a]quinolizine-3-carboxylate as a
dark brown o1l which was used in the next step without
purification.

Step 7: Preparation of ethyl 10-methoxy-6-1sopro-

pyl-9-(3-methoxypropoxy)-2-oxo0-6,7-dihydrobenzo
|[a]quinolizine-3-carboxylate

O

SN

)—
e

|
B O
NN N N

A mixture of crude ethyl 10-methoxy-6-1sopropyl-9-(3-
methoxypropoxy)-2-0xo-1,6,7,11b-tetrahydrobenzo[a]qui-
nolizine-3-carboxylate (55 mmol) and p-chloranil (13.4 g,
55 mmol) in DME (100 mL) was refluxed for 2 hours. After
being cooled to room temperature, the mixture was concen-
trated under vacuum to give crude ethyl 10-methoxy-6-
1sopropyl-9-(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzo
[a]quinolizine-3-carboxylate as a brown oil.

Step 8: Preparation of 10-methoxy-6-1sopropyl-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzola]
quinolizine-3-carboxylic Acid

O

J

\O/\/\O

To a solution of crude ethyl 10-methoxy-6-1sopropyl-9-
(3-methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinoliz-
ine-3-carboxylate from Step 7 1n EtOH (100 mL) was added
10% NaOH aqueous solution dropwise at room temperature.
The resultant mixture was stirred for 2 hours, and then
acidified to pH 1-2 with 2M hydrochloric acid. The mixture
was extracted with DCM, and the combined organic layers
were washed with brine, and then drnied over anhydrous
Na,SO, and then concentrated. The residue was purified by

column chromatography and recrystallization from EtOH/
cthyl ether to afford 10-methoxy-6-1sopropyl-9-(3-methoxy-
pPropoxy)-2-0xo0-6,7-dihydrobenzo| a]Jquinolizine-3-carbox-
ylic acid (8.7 g) as a white solid.
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Step 9: Preparation of 6-1sopropyl-10-methoxy-9-
(3-methoxypropoxy)-2-oxo-N-(1H-tetrazol-5-y1)-6,
7-dihydrobenzola]quinolizine-3-carboxamide

O O HN""'N\\
N
/l{“‘ /
N N
O B
/ N
o N N

To a solution of 6-1sopropyl-10-methoxy-9-(3-methoxy-
pPropoxy )-2-0xo-6,7-dihydrobenzo[ a]Jquinolizine-3-carbox-
ylic acid (30 mg, 0.075 mmol) 1n DMF (2 mL) was added
HATU (42.6 mg, 0.11 mmol) and Et,N (21.0 pL, 0.14
mmol), the reaction was stirred for 5 minutes at room
temperature, then 1H-tetrazol-5-amine (12.3 mg, 0.15
mmol) was added to the solution. The reaction mixture was
stirred for 4 hours and then purified by preparative HPLC to
ogIve 6-1sopropyl-10-methoxy-9-(3-methoxypropoxy)-2-
0xo-N-(1H-tetrazol-5-yl)-6,7-dihydrobenzo[a]quinolizine-
3-carboxamide (7 mg). 'H NMR (400 MHz, DMSQ) 88.77
(s, 1H), 7.50 (s, 1H), 7.34 (s, 1H), 7.08 (s, 1H), 4.48-4.40 (m,
1H), 4.16-4.02 (m, 2H), 3.88 (s, 3H), 3.48 (t, J=6.3 Hz, 2H),
3.30-3.23 (m, 4H), 1.99 (quin, J=6.3 Hz, 2H), 1.69-1.57 (m,
1H), 0.89 (d, J=6.5 Hz, 3H), 0.72 (d, J=6.5 Hz, 3H). MS
obsd. (ESI™) [(M+H)™]: 469.

Example 37: 10-chloro-6-1sopropyl-9-(3-methoxy-
propoxy )-2-oxo-N-(1H-tetrazol-5-y1)-6,7-dihyd-
robenzo[a]quinolizine-3-carboxamide

O O HN""’N\
N\
N
/L\““ /
N N
]
Cl
N
\O/\/\O

Step 1: Preparation of
4-bromo-1-chloro-2-(3-methoxypropoxy)benzene

Cl\

\
N NN

A 250 mL round-bottomed flask was charged with
S-bromo-2-chloro-phenol (22 g, 106 mmol, Bepharm Ltd),
1-bromo-3-methoxy-propane (19.5 g, 127 mmol), K,CO,
(30 g, 212 mmol) and DMF (50 mL). The resultant mixture
was stirred at 50° C. for 3 hours, then ethyl acetate and water
were added. The organic phase was separated, and then dried
over anhydrous Na,SO, and then concentrated to give
4-bromo-1-chloro-2-(3-methoxypropoxy)benzene (30 g).
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Step 2: Preparation of 1-[4-chloro-3-(3-methoxy-
propoxy )phenyl]-3-methyl-butan-2-one

Cl

\O/\/\O

A mixture of 4-bromo-1-chloro-2-(3-methoxypropoxy)
benzene (28 g, 0.1 mol), 3-methylbutan-2-one (26 g, 0.3
mol), Pd,(dba), (1.4 g, 1.5 mmol), Xantphos (1.8 g, 3 mmol)
and t-BuONa (32 g, 0.33 mol) in 500 mL of THF was stirred
at 70° C. overnight. Then ethyl acetate and water were
added. The separated organic phase was washed with brine,
and then dried over anhydrous Na,SO, and then concen-
trated. The residue was purified by column chromatography
to give  1-[4-chloro-3-(3-methoxypropoxy)phenyl]-3-
methyl-butan-2-one (19.6 g).

Step 3: Preparation of 1-[4-chloro-3-(3-methoxy-
propoxy )phenyl]-3-methyl-butan-2-amine

Cl
NH,

N NN F

1-[4-Chloro-3-(3-methoxypropoxy )phenyl]-3-methyl-bu-
tan-2-one (10 g, 35 mmol) was dissolved in MeOH (100
ml). Then NH,OAc (40 g, 525 mmol) and NaBH,CN (4.4
g, 70 mmol) were added. The mixture was stirred at room
temperature overmght. Then 20% NaOH aqueous solution
(50 mL) was added, and the mixture was stirred for 20
minutes. The mixture was extracted with ethyl acetate, and
the organic layer was dried over anhydrous Na,SO, and then
concentrated to afford 1-[4-chloro-3-(3-methoxypropoxy)
phenyl]-3-methyl-butan-2-amine (8 g) which was used in
the next step without further purification.

Step 4: Preparation of N-[1-[[4-chloro-3-(3-
methoxypropoxy)phenyl|methyl]-2-methyl-propyl]
formamide

O

Cl

N X

‘ A HN)J\H
\O/\/\O/\/\/J\l/

A mixture of 1-(4-chloro-3-ethoxy-phenyl)butan-2-amine
(35 mmol) and formic acid (20 mL) in dioxane (100 mlL)
was refluxed for 16 hours and then concentrated under
reduced pressure to afford the crude N-[1-[[4-chloro-3-(3-
methoxypropoxy )phenyl|methyl]-2-methyl-propyl]iforma-
mide which was used 1n the next step without purification.
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Step 5: Preparation of 7-chloro-3-1sopropyl-6-(3-
methoxypropoxy)-3,4-dihydroisoquinoline

Cl

\O/\/\O

To a solution of N-[1-[[4-chloro-3-(3-methoxypropoxy)
phenyl|methyl]-2-methyl-propylJformamide (7.6 g, 24
mmol) 1 acetonitrile (100 mL) was added POCI, (3.8 g, 24
mmol) dropwise at 0-3° C. The resultant mixture was
refluxed for 4 hours and then concentrated. Ethyl acetate was
added, and then ammonia was added to the mixture to adjust
the pH of the aqueous solution to around 11. The aqueous
layer was extracted with ethyl acetate. The organic layers
were combined and then concentrated. The residue was
purified by column chromatography to give 7-chloro-3-

1sopropyl-6-(3-methoxypropoxy)-3,4-dihydroisoquinoline
(4.6 g).

Step 6: Preparation of ethyl 10-chloro-6-1sopropyl-
9-(3-methoxypropoxy)-2-oxo-1,6,7,11b-tetrahyd-
robenzo[a]quinolizine-3-carboxylate

)J\O/\
Cl\‘/\ N/
NN N

A  mxture of 7-chloro-3-1sopropyl-6-(3-methoxy-
propoxy)-3,4-dihydroisoquinoline (4.6 g, 15 mmol) and
cthyl 2-(ethoxymethylene)-3-oxo-butanoate (8.3 g, 45
mmol) i EtOH (20 mL) was stirred at 110° C. overnight.
The mixture was concentrated to give crude ethyl 10-chloro-
6-1sopropyl-9-(3-methoxypropoxy)-2-oxo-1,6,7,11b-tetra-
hydrobenzo[a]quinolizine-3-carboxylate as a dark brown o1l
which was used 1n the next step without purification.

Step 7: Preparation of ethyl 10-chloro-6-1sopropyl-
9-(3-methoxypropoxy)-2-oxo-6,7-dihydrobenzola]
quinolizine-3-carboxylate

O O
PSP
N N

X
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A mixture of crude ethyl 10-chloro-6-1sopropyl-9-(3-
methoxypropoxy)-2-o0xo-1,6,7,11b-tetrahydrobenzo[a]qui-
nolizine-3-carboxylate (15 mmol) and p-chloranil (3.6 g, 15
mmol) in DME (20 mL) was refluxed for 2 hours. After
being cooled to room temperature, the mixture was concen-
trated under vacuum to give crude ethyl 10-chloro-6-iso-
propyl-9-(3-methoxypropoxy)-2-0xo0-6,7-dihydrobenzo| aj
quinolizine-3-carboxylate as a brown oil.

Step 8: Preparation of 10-chloro-6-1sopropyl-9-(3-

methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quino-
lizine-3-carboxylic Acid

O

J

Cl

\O/\/\O

To a solution of crude ethyl 10-chloro-6-1sopropyl-9-(3-
methoxypropoxy)-2-0xo0-6,7-dihydrobenzo[a]quinolizine-
3-carboxylate from Step 7 in EtOH (50 mL) was added 10%
NaOH aqueous solution dropwise at room temperature. The
resultant mixture was stirred for 2 hours, and then acidified
to pH 1-2 with 2M hydrochloric acid. The mixture was
extracted with DCM, and the combined organic layers were
washed with brine, and then dried over anhydrous Na,SO,
and then concentrated. The residue was purified by column
chromatography and recrystallization from EtOH/ethyl ether
to afford 10-chloro-6-1sopropyl-9-(3-methoxypropoxy)-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxylic acid (1.7
g) as a white solid.

Step 9: Preparation of 10-chloro-6-1sopropyl-9-(3-
methoxypropoxy)-2-oxo-N-(1H-tetrazol-5-yl1)-6,/-
dihydrobenzo[a]quinolizine-3-carboxamide

N
O O HN™ "\
\
N
/L\““/
N N
]
Cl
N

\O/\/\O

To a solution of 10-chloro-6-1sopropyl-9-(3-methoxy-
propoxy )-2-oxo0-6,7-dihydrobenzo| a]quinolizine-3-carbox-
ylic acid (30 mg, 0.074 mmol) 1n DMF (2 mL) was added
HATU (42.1 mg, 0.11 mmol) and Et;N (20.7 uL, 0.15
mmol). The reaction was stirred for 5 minutes at room
temperature, then 1H-tetrazol-5-amine (12.6 mg, 0.15
mmol) was added. The reaction mixture was stirred for 4
hours and then purified by preparative HPLC to give
10-chloro-6-1sopropyl-9-(3-methoxypropoxy)-2-0xo-N-
(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine-3-car-
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boxamide (7 mg). 'H NMR (400 MHz, DMSQ) 8=8.80 (s.
1H), 8.17 (s, 1H), 7.32 (s, 1H), 7.31 (s, 1H), 4.54-4.47 (m,
1H), 4.29-4.14 (m, 2H), 3.52 (t, J=6.3 Hz, 2H), 3.40-3.34
(m, 1H), 3.28-3.23 (m, 4H), 2.03 (m, 2H), 1.67-1.55 (m,
1H), 0.90 (d, J=6.5 Hz, 3H), 0.74 (d, J=6.8 Hz, 3H). MS
obsd. (ESI") [M+H)™]: 473.

Example 38: (+)-10-chloro-6-1sopropyl-9-(3-
methoxypropoxy)-2-oxo-N-(1H-tetrazol-5-y1)-6,7-
dihydrobenzo[a]quinolizine-3-carboxamide

Cl

\O/\/\O

Step 1: (+)-10-chloro-6-1sopropyl-9-(3-methoxy-
propoxy )-2-0xo-6,7-dihydrobenzo|a]quinolizine-3-
carboxylic Acid

OH

Cl

N
\O/\/\O/ AN

Separation of the racemic 10-chloro-6-1sopropyl-9-(3-
methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinolizine-
3-carboxylic acid (1.3 g) by chiral HPLC afiorded (+)-10-
chloro-6-1sopropyl-9-(3-methoxypropoxy)-2-0x0-6,7-
dihydrobenzo[a]quinolizine-3-carboxylic acid (465 mg).
[0],5,"=+118.44° (0.103%, MeOH)

Step 2: Preparation of (+)-10-chloro-6-1sopropyl-9-
(3-methoxypropoxy)-2-oxo-N-(1H-tetrazol-5-yl1)-6,
7-dihydrobenzo[a]quinolizine-3-carboxamide

Cl

\O/\/\O

To a solution of (+)-10-chloro-6-1sopropyl-9-(3-methoxy-
pPropoxy)-2-o0xo-6,7-dihydrobenzo| a]Jquinolizine-3-carbox-
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ylic acid (30 mg, 0.074 mmol) 1n DMF (2 mL) was added
HATU (42.1 mg, 0.11 mmol) and Et;N (20.7 pL, 0.15
mmol). The reaction was stirred for 5 minutes at room
temperature, then 1H-tetrazol-5-amine (12.6 mg, 0.15
mmol) was added. The reaction mixture was stirred for 4
hours and then purified by preparative HPLC to give (+)-
10-chloro-6-1sopropyl-9-(3-methoxypropoxy)-2-0xo-N-
(1H-tetrazol-5-y1)-6,7-dihydrobenzo[ a]Jquinolizine-3-car-
boxamide (7 mg). 'H NMR (400 MHz, MeOD) 8=8.75 (s,
1H), 7.93 (s, 1H), 7.74 (s, 1H), 7.08 (s, 1H), 4.28-4.20 (m,
3H), 3.68-3.62 (m, 2H), 3.44-3.37 (m, 4H), 3.32-3.26 (m,
1H), 2.18-2.10 (m, 2H), 1.85-1.75 (m, 1H), 1.00 (d, J=6.5
Hz, 3H), 0.84 (d, J=6.8 Hz, 3H). MS obsd. (ESI™) [(M+H)™]
473. [a] ,°"=+87.20° (0.15%, DMSO).

BIOLOGICAL EXAMPLES

Example 39: Materials and Methods

HBYV Cell Line

HepG2.2.15 cells (Acs et al. Proc Natl Acad Sci USA, 84,
(1987), 4641-4), a constitutively HBV-expressing cell line
were cultured in DMEM+Glutamax-1 medium (Invitrogen,
Carlsbad, Calif., USA), supplemented with 10% fetal bovine
serum (Invitrogen) and G418 (Invitrogen) at a final concen-

tration of 200 mg/L. and maintained 1 5% CO, at 37° C.

HBsAg Assay

HepG2.2.15 cells were seeded 1in duplicate into white,
96-well plates at 1.5x10” cells/well. The cells were treated
with a three-fold serial dilution series of the compounds in
DMSO. The final DMSO concentration 1n all wells was 1%

and DMSO was used as no drug control.

The HBsAg chemiluminescence immunoassay (CLIA) kit
(Autobio Diagnostics Co., Zhengzhou, China, Catalog num-
ber: CL0O310-2) was used to measure the levels of secreted
HBV antigens semi-quantitatively. For the detection 50
ulL/well culture supernatant was used and HBsAg was
quantified using HBsAg chemiluminescence immunoassay
(CLIA) kit (Autobio Diagnostics Co., Zhengzhou, China,
Catalog number: CL0310-2), 50 ul of the supernatant was
transierred to the CLIA assay plate and 50 uL of enzyme
conjugate reagent was added 1nto each well. The plates were
sealed and gently agitated for 1 hour at room temperature.

The supernatant-enzyme-mixture was discarded and wells
were washed 6 times with 300 ul. of PBS. The residual
liguid was removed by plating the CLIA plate right side
down on absorbent tissue paper. 25 ul. of substrates A and
B were added to each well. Luminance was measured using
a luminometer (Mithras LB 940 Multimode Microplate
Reader) after 10 minutes incubation. Dose-response curves
were generated and the 1C., value was extrapolated by using
the E-WorkBook Suite (ID Business Solutions Ltd., Guild-
ford, UK). The IC., was defined as the compound concen-
tration (or conditioned media log dilution) at which HBsAg
secretion was reduced by 350% compared to the no drug
control.

The compounds of the present invention were tested for
their capacity to mhibit HBsAg as described heremn. The

Examples were tested in the above assay and found to have

IC., below 50.0 uM. Particular compounds of formula I
were found to have IC., below 5.0 uM. Results of HBsAg
assay are given in Table 1.
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TABLE 1

Activity data of particular compounds

ICs
Example No. (LM)
1 26.2
2 19
3 31
4 0.92
5 5.6
6 43
7 7.8
8 33.7
9 54
10 20.3
11 23.9
12 12.8
13 36.6
14 1.1
15 20.7
16 18.4
17 2.2
18 4.9
19 8
20 22.3
21 19.4
22 43.2
23 17.3
24 12.6
25 16.4
26 16.2
27 15.%8
28 3.7
29 1.5
30 16.9
31 44.1
32 0.38
33 1
34 18.3
35 12.9
36 5.5
37 5.9
38 2.3
The 1nvention claimed 1s:
1. A compound of formula (I)
(D)
O
Y R®
\Xﬂ"

wherein

X is oxygen or N—R’;

Y 1s CH, or C(O);

R' is hydrogen, halogen, C,_.alkyl, or C,_.alkoxy:

R~ is hydrogen; halogen; C,_.alkyl, which is unsubsti-
tuted or once or more times substituted by fluoro; or
C, _calkoxy;

R is C, _calkyl, which is unsubstituted or once or more
times substituted by fluoro; cyano; morpholinyl; or
R°®*—O—, wherein R® is C, _.alkyl, which is unsub-
stituted or substituted by one or more substituents
cach independently selected from fluoro, C, _alkoxy,
C,_salkylsulfonyl, cyano, C,_-cycloalkyl, C,_.alky-
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lamino, diC, _calkylamino, hydroxy, phenyl, pyrro-
lidinyl and tetrahydropyranyl;

R* is hydrogen, halogen or C,_.alkyl;

R> is hydrogen; C,_.alkyl, which is unsubstituted or

once or more times substituted by fluoro;
C, qalkoxy; C,.-cycloalkyl; or C,_-cycloalkyl-
CIHZI—;

R® is hydrogen; C,_calkylsulfonyl; hydroxyl; 1H-tetra-
zol-5-yl; or C, . alkyl, which 1s unsubstituted or
substituted by one or more substituents each inde-
pendently selected from fluoro, C,_-,cycloalkyl, car-
boxyl-C H, —, phenyl, hydroxy, C,_.alkoxy, amino,
C,_salkylamino and diC, _.alkylamino; and

R” is hydrogen or C,_.alkyl;

or R® and R’, together with the nitrogen to which they
are attached, form pyrrolidinyl, piperidinyl, or mor-
pholinyl, each of which 1s unsubstituted or once or
two times substituted by carboxyl;

or a pharmaceutically acceptable salt, enantiomer or
diastereomer thereof.

2. A compound of formula I according to claim 1, wherein

X is oxygen or N—R’;

Y 1s CH, or C(O);

R' is hydrogen or halogen;

R” is hydrogen, halogen or C,_.alkoxy:

R? is R®—0O—, wherein R® is C,_alkyl, which is unsub-
stituted or substituted by one or two substituents each
independently selected from C,_.alkoxy, C, -cy-
cloalkyl and phenyl;

R* is hydrogen;

R> is C,_qalkyl, which is unsubstituted or once or two
times substituted by trifluoromethyl; or C,_,cycloalkyl;

R® is hydrogen; C, .alkyl, which is unsubstituted or
substituted by one or two substituents each indepen-
dently selected from phenyl, hydroxy, C,_.alkoxy, car-
boxy, and diC,_calkylamino; hydroxy; 1H-tetrazol-5-
yl; or C,_salkylsulfonyl; and

R’ is hydrogen or C,_.alkyl;

or R® and R’, together with the nitrogen to which they are
attached, form pyrrolidinyl, piperidinyl, or morpholi-
nyl, each of which 1s unsubstituted or once or two times
substituted by carboxyl;

or a pharmaceutically acceptable salt, enantiomer or
diastereomer thereof.

3. A compound of formula I according to claim 2, wherein

X is oxygen or N—R’;

Y 1s CH, or C(O);

R' is hydrogen or chloro;

R? is hydrogen, methoxy or chloro;

R® is R®—O—, wherein R® is methyl, ethyl, propyl or
1sobutyl, each of which is unsubstituted or substituted
by one or two substituents each independently selected
from methoxy, cyclopropyl and phenyl;

R* is hydrogen;

R> is ethyl, isopropyl, trifluoromethylmethyl, tert-butyl or
cyclobutyl;

R® is hydrogen; methyl, ethyl, propyl, isopropyl or isobu-
tyl, each of which 1s unsubstituted or substituted by one
or two substituents each independently selected from
phenyl, hydroxy, methoxy, carboxy, and dimethyl-
amino; hydroxy; 1H-tetrazol-5-yl; or methylsulfonyl;
and

R’ is hydrogen or methyl;

or R® and R’, together with the nitrogen to which they are
attached, form pyrrolidinyl, piperidinyl, or morpholi-
nyl, each of which 1s unsubstituted or once or two times
substituted by carboxyl;
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or a pharmaceutically acceptable salt, enantiomer or
diastereomer thereof.

4. A compound of formula I according to claim 1, wherein
R' is hydrogen; or a pharmaceutically acceptable salt,
enantiomer or diastereomer thereof.

5. A compound of formula I according to claim 1, wherein
R* is C,_.alkoxy or halogen; or a pharmaceutically accept-
able salt, enantiomer or diastereomer thereof.

6. A compound of formula I according to claim 1, wherein
R” is methoxy or chloro; or a pharmaceutically acceptable
salt, enantiomer or diastereomer thereof.

7. A compound of formula I according to claim 1, wherein
R> is R*—O—, wherein R® is C,_.alkyl, which is unsubsti-
tuted or substituted by one or two substituents each inde-
pendently selected from C,_.alkoxy and phenyl; or a phar-
maceutically acceptable salt, enantiomer or diastereomer
thereol.

8. A compound of formula I according to claim 1, wherein
R? is R®*—O—, wherein R® is methyl or propyl, each of
which 1s unsubstituted or substituted by one or two substitu-
ents each independently selected from methoxy and phenyl;
or a pharmaceutically acceptable salt, enantiomer or diaste-
reomer thereof.

9. A compound of formula I according to claim 1, wherein
R> is C,_.alkyl, which is unsubstituted or once or two times
substituted by fluoro; or C,_-cycloalkyl; or a pharmaceuti-
cally acceptable salt, enantiomer or diastereomer thereof.

10. A compound of formula I according to claim 1,
wherein R> is ethyl or isopropyl; or a pharmaceutically
acceptable salt, enantiomer or diastereomer thereof.

11. A compound of formula I according to claim 1,
wherein R® is hydrogen; methyl, ethyl, propyl, isopropyl or
1sobutyl, each of which 1s unsubstituted or substituted by one
or two substituents each independently selected from phe-
nyl, hydroxy, methoxy, carboxy, and dimethylamino;
hydroxy; 1H-tetrazol-5-yl; or methylsulionyl; or a pharma-
ceutically acceptable salt, enantiomer or diastereomer
thereof.

12. A compound of formula I according to claim 1,
wherein R® and R’, together with the nitrogen to which they
are attached, form pyrrolidinyl, piperidinyl, morpholinyl,
cach of which 1s unsubstituted or once or two times substi-
tuted by carboxyl; or a pharmaceutically acceptable salt,
enantiomer or diasterecomer thereof.

13. A compound according to claim 1, wherein

X 15 oxygen, NH or N(C, _.alkyl);

Y 1s CH, or C(O);

R' is hydrogen;

R* is C,_.alkoxy or halogen;

R” is R®—O—, wherein R® is C, _.alkyl, which is unsub-
stituted or once substituted by phenyl or C,_.alkoxy;

R* is hydrogen:;

R> is C,_qalkyl or C, cycloalkyl:;

R® is C,_.alkylsulfonyl; 1H-tetrazol-5-yl; or C,_.alkyl,
which 1s unsubstituted or once substituted by
C,_salkoxy;

or a pharmaceutically acceptable salt, enantiomer, or
diastereomer thereof.

14. A compound according to claim 1, wherein

X 15 oxygen, NH or N(CH,);

Y 1s CH, or C(O);

R' is hydrogen;

R* is methoxy or chloro;

R® is R*—O—, wherein R® is methyl, ethyl, propyl or
1sobutyl, each of which 1s unsubstituted or once sub-
stituted by phenyl or methoxy;

R* is hydrogen;
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R> is ethyl, isopropyl, tert-butyl or cyclobutyl; and

R® is methylsulfonyl; 1H-tetrazol-5-yl; methyl; or isopro-
pyl, which 1s once substituted by methoxy;

or a pharmaceutically acceptable salt, enantiomer, or
diastereomer thereof.

15. A compound of formula I according to claim 1,

selected from the group consisting of
N-benzyl-9-benzyloxy-6-ethyl-10-methoxy-2-0x0-6,7-
dihydrobenzo[a]quinolizine-3-carboxamide;
9-benzyloxy-6-ethyl-10-methoxy-N-methyl-2-0x0-6,7-
dihydrobenzo[a]quinolizine-3-carboxamide;
9-benzyloxy-6-ethyl-10-methoxy-N-(2-methoxy-1-
methyl-ethyl)-2-0x0-6,7-dihydrobenzo[a]quinolizine-
3-carboxamide;
9-benzyloxy-6-ethyl-10-methoxy-N-methylsulionyl-2-
0x0-6,7-dihydrobenzo|a]quinolizine-3-carboxamide;
9-benzyloxy-6-ethyl-10-methoxy-2-oxo-N-propyl-6,7-
dihydrobenzo[a]quinolizine-3-carboxamide;
9-benzyloxy-6-ethyl-N-(2-hydroxyethyl)-10-methoxy-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxamide;
9-benzyloxy-6-ethyl-N-(2-hydroxy-1-methyl-ethyl)-10-
methoxy-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-car-
boxamide:
9-benzyloxy-N-[ 2-(dimethylamino Jethyl]-6-ethyl-10-
methoxy-2-0x0-6,7-dihydrobenzo[a]quinolizine-3-car-
boxamide;
9-benzyloxy-6-ethyl-10-methoxy-2-0x0-N-sec-butyl-6,7-
dihydrobenzo|a]quinolizine-3-carboxamide;
9-benzyloxy-6-ethyl-10-methoxy-2-0x0-6,7-dihyd-
robenzo[a]quinolizine-3-carbohydroxamic acid;
9-benzyloxy-N-[2-(dimethylamino)-1-methyl-ethyl]-6-
cthyl-10-methoxy-2-0x0-6,7-dihydrobenzo[a]quinoliz-
ine-3-carboxamide;
9-benzyloxy-6-ethyl-10-methoxy-N-(2-methoxyethyl)-2-
0x0-6,7-dihydrobenzo|a]quinolizine-3-carboxamide;
4-]6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-0x0-6,
7-dihydrobenzo|a]quinolizine-3-carbonyl|morpholine-
2-carboxylic acid;
6-ethyl-10-methoxy-9-(3-methoxypropoxy )-2-0xo-N-
(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine-3-
carboxamide;
N-benzyl-6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-
0x0-6,7-dihydrobenzo[a]quinolizine-3-carboxamide;
6-ethyl-10-methoxy-N-(2-methoxy-1-methyl-ethyl)-9-(3-
methoxypropoxy)-2-0x0-6,7-dihydrobenzo[a]quinoliz-
ine-3-carboxamide;
9-ethoxy-6-ethyl-10-methoxy-N-(2-methoxy-1-methyl-
cthyl)-2-0x0-6,7-dihydrobenzo| a]quinolizine-3-car-
boxamide;:
6-ethyl-9-1sobutoxy-10-methoxy-N-(2-methoxy-1-
methyl-ethyl)-2-0x0-6,7-dihydrobenzo[a]quinolizine-
3-carboxamide;
9-(cyclopropylmethoxy)-6-ethyl-10-methoxy-N-(2-
methoxy-1-methyl-ethyl)-2-0x0-6,7-dihydrobenzo| a]
quinolizine-3-carboxamide;
6-ethyl-3-(hydroxymethyl)-10-methoxy-9-(3-methoxy-
propoxy)-6,7-dihydrobenzo[a]quinolizin-2-one;
4-[[6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-0x0-6,
7-dihydrobenzo[a]quinolizin-3-yl|methyl]morpholine-
3-carboxylic acid;
1-[[6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-0x0-6,
7-dihydrobenzo[a]quinolizin-3-yl|methyl]piperidine-
2-carboxylic acid;
1-[[6-ethyl-10-methoxy-9-(3-methoxypropoxy)-2-0x0-6,
7-dihydrobenzo[a]quinolizin-3-ylJmethyl]pyrrolidine-
2-carboxylic acid;
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(+)-10-chloro-6-1sopropyl-9-(3-methoxypropoxy)-2-0xo-
N-(1H-tetrazol-3-yl)-6,7-dihydrobenzo[a]quinolizine-
3-carboxamide;

or a pharmaceutically acceptable salt thereof.

16. A compound of formula I according to claim 1,

selected from the group consisting of

77

6-ethyl-10-methoxy-9-(3-methoxypropoxy)-3-(1-piper-
idylmethyl)-6,7-dihydrobenzo[a]quinolizin-2-one;

6-cthyl-10-methoxy-9-(3-methoxypropoxy)-3-(pyrroli-
din-1-ylmethyl)-6,7-dihydrobenzo[a]quinolizin-2-one;

6-ethyl-10-methoxy-9-(3-methoxypropoxy)-3-(morpholi- >

nomethyl)-6,7-dihydrobenzo[a]quinolizin-2-one;
6-cthyl-10-methoxy-9-(3-methoxypropoxy)-3-(methyl-

aminomethyl)-6,7-dihydrobenzo[a]quinolizin-2-one;
3-[(dimethylamino )methyl]-6-ethyl-10-methoxy-9-(3-

9-benzyloxy-6-ethyl-10-methoxy-N-methylsulionyl-2-
0x0-6,7-dihydrobenzo|a]quinolizine-3-carboxamide;

6-ethyl-10-methoxy-9-(3-methoxypropoxy )-2-0xo-N-
(1H-tetrazol-5-y1)-6,7-dihydrobenzo|a]quinolizine-3-

th -6, 7-dihydrob inolizin-2- 19
Efe- oXypropoxy)-6,7-dihydrobenzo[a]quinolizin carboxamide:
6-ethyl-10-methoxy-3-(methoxymethyl)-9-(3-methoxy- 9-ethoxy-6-ethyl-1 O'methOXY'N'(z'm?thO?fB’_' 1-methyl-
propoxy)-6,7-dihydrobenzo[a]quinolizin-2-one: cthyl)-2-0x0-6,7-dihydrobenzo| a]quinolizine-3-car-
| j boxamide;
6-cyclobutyl-10-methoxy-9-(3-methoxypropoxy)-2-0xo- .
N-(1H-tetrazol-5-yl)-6,7-dihydrobenzo[a]quinolizine- 13 6-ethyl-9-1s0butoxy-1 O-methfj Xy-N-(2 'mEthOXy' l-
3-carboxamide: methyl-ethyl)-2-0x0-6,7-dihydrobenzo[a]quinolizine-
i 3-carboxamide;
(6R)-6-ethyl-9,10-dimethoxy-2-ox0-N-(1H-tetrazol-5- . .
y1)-6,7-dihydrobenzo[a]quinolizine-3-carboxamide:; 3-|(dimethylamino)methyl]-6-ethyl-10-methoxy-9-(3-
6-tert-butyl-10-methoxy-9-(3-methoxypropoxy)-2-0xo- methoxypropoxy)-6,7-dihydrobenzola]quinolizin-2-
N-(1H-tetrazol-5-y1)-6,7-dihydrob inolizine- 20 OLIE,
3 -c( arborf aﬁ?doe' yD-6,7-dihydrobenzo[a]quimolizine 6-ethyl-10-methoxy-3-(methoxymethyl)-9-(3-methoxy-
6-cyclobutyl-10-methoxy-9-(3-methoxypropoxy )-2-0xo- p Pr OI]‘;OXYI) -16(37 'dlhgdr obgengo a] qﬁlmohzm-2 -one;,
N-(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine- -tert-butyl-10-methoxy-9-(3-methoxypropoxy)-2-oxo-
3 -carhoxamide: N-(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine-
. " 3-carboxamide;
11-chloro-6-1sopropyl-9-(2-methoxyethoxy)-2-0x0-N- 23 !
(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine-3- 6-cyclobutyl-10-methoxy-9 '(3 -methoxyprop oxy)-%-gxo -
carboxamide:; N-(1 H-tetra;ol- 5-y1)-6,7-dihydrobenzo[a]quinolizine-
9,10-dimethoxy-2-oxo-N-(1H-tetrazol-5-y1)-6-(2,2,2-trif- | 03 'ﬁiﬂbm;amlde; 03 X , N
luoroethyl)-6,7-dihydrobenzo[a]quinolizine-3-carbox- -chloro-6-1sopropyl-9-( -Methoxypr OPOX}_’)' ~0X0-N-
amide: 30 (1H-tetrazol-3-y1)-6,7-dihydrobenzo[a]quinolizine-3-
- ’ boxamide; and
6-1sopropyl-10-methoxy-9-(3-methoxypropoxy)-2-0xo- val ’
N-(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine- (+)-10-chloro-6-1sopropyl-9-(3-methoxypropoxy)-2-oxo-
3-carhoxamide: N-(1H-tetrazol-3-yl)-6,7-dihydrobenzo[a]quinolizine-
‘ ' j 3-carboxamide;
10-chloro-6-1sopropyl-9-(3-methoxypropoxy)-2-0xo-N- .
(1H-tetrazol-5-y1)-6,7-dihydrobenzo[a]quinolizine-3- 35 914 pharmaceutically acceptable salt thereof.

carboxamide; and

¥ ¥ H ¥ H
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